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New retrovirus capable of causjjnLCLAIDS . means and 
methods for detecting it in vitro 



( The invention relates to a new class of 
viruses having the capacity to cause lymphadenopathies , 
which are then capable of being replaced by acquired 
immune deficiency syndrome (AIDS) in man. .The invention 
also relates to antigens capable of being recognized by 
antibodies induced in man by this new class of virus. It 
also relates to the antibodies induced by antigens 
obtained from these viruses. 

This invention relates, furthermore, to cloned 
DNA sequences possessing sequence anal ogy or complemen- 
tarity with the genomic RNA of the abovementioned virus. 
It also relates to the methods for preparing these clo- 
ned DNA sequences. 

The invention also relates to polypeptides 
containing amino acid sequences encoded by the cloned 
DNA sequences . 

In addition, the invention relates to appli- 
cations of these antigens to the in vitro diagnosis in 
man of potentials for certain forms of AIDS and, in 
respect of some of these antigens, to the production of 
immunogenic compositions and vaccinating compositions 
against this retrovirus. The invention likewised relates 
to the applications of the abovementioned antibodies for 
the same purposes and, for some of them, to their appli- 
cation to the production of acitve principles of drugs 
against these forms of human AIDS. 

Finally, the invention relates to the applica- 
tion of the cloned DNA sequences, and of polypeptides 
obtained from these sequencies, as probes in diagnostic 
kits. 

The isolation and characterization of a first 




retrovirus, known as LAV, whose responsibility in the 
development of AIDS had been recognized, formed the 
subject of a description in a paper by F. BARRE-SINOUSSI 
et al. already in 1983 (Science, vol. 220, N* 45-99, 20, 
,p. 868-871). Application of some extracts of this virus, 
and more especially of some of its proteins, to the dia- 
gnosis of the presence of antibodies against the virus 
was described more especially in European Patent Appli- 
cation n* 138.667. Since then, other similar strains and 
-some variants of LAV have been isolated. Examples which 
may be recalled are those known by the names HTLV-III 
and ARV. 

To apply the new rules of nomenclature pu- 
blished in Nature in May 1986, the retroviruses capable 
of inducing in man the abovementioned lymphadenopathies 
and AIDS will be given the overall designation "HIV", an 
abbreviation of the term "Human Immunodeficiency Virus". 
The subgroup of retroviruses formed by LAV and its va- 
riants was initially designated by the terms "LAV type 
I" or "LAV-I" . The latter subgroup will be designated 
hereinafter HIV-1, it being understood that the term LAV 
will still be retained to denote that strain, among the 
strains of retrovirus (in particular LAAV, IDAV-4 and 
IDAV-2) belonging to the HIV-1 virus class which are 
described in the abovementioned European Patent Appli- 
cation 138,667, which was used in the comparative ex- 
periments described later, namely LAV DnrT , which was 
deposited with the Collection Nationale des Cultures de 
Micro-organismes (CNCM) (National Collection of Micro- 
organism Cultures) of the Institut Pasteur de Paris, 
France, on 15th July 1983 under n* 1-232. 

The new retrovirus which forms the subject of 
the present patent and the virus strains which are rela- 
ted to it and which are, like it, capable of multiplying 



in human lymphocytes, formerly known as. " LAV type II" 
or "LAV -II" , are henceforward known as "HIV-2", it being 
understood that the designations of certain HIV-2 
isolates described later will be followed by three 
letters which refer to the patients from whom they were 
isolated . 

The "HIV-2" group can be defined as a group of 
viruses having in vitro a tropism for human T4 lympho- 
cytes, and which have a cytopathogenic effect with res- 
pect to these lymphocytes when they multiply therein, 
and then either cause generalized and persistent 
polyadenopathies or one of the forms of AIDS. The HIV-2 
retroviruses have proved to be different from the HIV-1 
type viruses under the conditions mentioned later. Like 
these latter viruses, they are different from the other 
human retroviruses which are already known (HTLV-I and 
HTLV-II) . 

Although there is fairly wide genetic varia- 
bility in the virus, the different HIV-1 strains iso- 
lated to date from American, European, Haitian and 
African patients have antigenic sites in common conser- 
ved on their principal proteins, i.e. core protein p25, 
envelope glycoprotein gp110 and transmembrane protein 
gp41-43. This relationship makes it possible, for 
example, for the prototype LAV strain to be used as a 
strain of antigens for detecting antibodies against all 
HIV-1 class viruses, in all people who carry them, re- 
gardless of their origin. This strain is hence currently 
used for detecting anti-HIV-1 antibodies in blood donors 
and patients, in particular by immunofluorescence and in 
particular by the technique known as ELISA, "Western 
Blot" (or immuno-imprinting) and "RIPA", an abbreviation 
for Radioimmunoprecipitation Assay. 

However, in a serological study peformed with 
an HIV-1 lysate on patients who originated from West 



Africa, it was observed that some o£ them gave serone- 
gative or very weakly positive reactions, whereas they 
showed clinical and immunological signs of AIDS. 

The cultured lymphocytes of one of these pa- 
tients were the source of a first HIV-2 retrovirus iso- 
lated, whose structure in electron microscopy and whose 
proteir^e profile in SDS gel electrophoresis show a re- 
semblance to those of HIV-1. However, this new retro- 
virus HIV-2 possesses overall only a slight relationship 
to HIV-1, from the standpoint both of the antigenic ho- 
mology of its proteins and of the homology of its gene- 
tic material . 

This new retrovirus, or retroviruses having 
equivalent antigenic and immunological properties, can 
hence constitute sources of antigens for the diagnosis 
of infection by this virus and the variants which induce 
an AIDS form of the type which had been observed in the 
initial instances in African patients or in people who 
had spent time in Africa. 

Typically, this virus was isolated from the 
blood, drawn in the presence of heparin, from a 23-year- 
old heterosexual patient who had never been transfused 
and who was not a drug addict. Since 1983, he had had 
substantial chronic diarrhoea, and substantial weight 
loss (17 kg) with intermittent fever. More recently, he 
had had Candida and Serratia infections, including an 
Oesophageal candidiasis typical of AIDS. 

This patient also had anaemia, cutaneous aner- 
gy, Lymphopenia and a T4 lymphocyte/T8 lymphocyte ratio 
of 0.1 5, with a T4 lymphocyte level of less than 100 per 
mm 3 of serum. His lymphocytes in culture did not respond 
to stimulation with phytohaemagglutinin and concanaval* 
in A. This patient was also diagnosed as suffering from 
recurrent bacteriaemia due to £. enteriditis . cryptospo- 
ridioses, infections due to Isospora belli and cerebral 
toxoplasmoses . 



This combination of signs was evidence of 
"complex symptoms linked with AIDS " or "ARC" (abbrevia- 
tion for "AIDS-Related Complex"), of the type caused by 
HIV-1 virus. These various observations were also in 
conformity with the criteria applied by the Center of 
Disease Control (CDC) of Atlanta, USA. 

The culturing of the lymphocytes from these 
patients and the isolation of the retrovirus were per- 
formed according to the technique already described for 
the isolation of HIV-1 in the paper by BARRE-SINOUSSI et 
al . and European Patent Application n # 84/401.834 - 
0.138.667. They are recalled briefly below. Lymphocytes 
stimulated for 3 days with phy tohaemagglutinin (PHA) 

were cultured in RPMI 1640 culture medium to which 10% 
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of foetal calf serum and 10 M p-mecaptoethanol , in- 
terleukin-2 and anti- (human interferon a) serum are 
added . 

The production of virus was followed by its 
reverse transcriptase activity. In the culture super- 
natant, the peak viral activity appeared at between day 
14 and day 22 , and then decreased. The decline and death 
of the cell culture followed. As with HIV-1, sections of 
lymphocytes infected with HIV-2 showed, in electron mi- 
croscopy, virions which had reached maturity, and viral 
particles budding at the surface of the infected cells. 
The cell lines used for producing the cultures of these 
isolated viruses can be, depending on the case, cell 
lines of the HUT, CEM or MOLT type, or any immortalized 
lymphocyte Line bearing T4 receptors. 

The virus was then propagated in cultures of 
lymphocytes from blood donors, and then in continuous 
lines of leukaemic origin, such as HUT 78. It was then 
characterized by its antigens and its nucleic acid as 
being substantially different from HIV-1. The virus was 
purified as described in the prior documents already 



mentioned. A first isolate of this virus was deposited 
with the CNCM on 19th December 1985 under n # 1-502. It 
was subsequently designated by the name LAV- I I MIR. A 
second isolate was deposited with the CNCM on 21st 
February 1986 under n # 1-352. This second isolate has 
the reference name LAV- I I ROD. These isolates will 
sometimes be referred to later simply as MIR or ROD. 

In a general manner, the invention relates to 
any variant of the above viruses, or any equivalent vi- 
rus (for example, such as HIV-2-IRM0 and HIV-2-EH0, de- 
posited with the CNCM on 19th December 1986 under n*s 
1-642 and 1-643, respectively), containing structural 
proteins which have the same immunological propeties\as 
those of the HIV-2 viruses deposited with the CNCM under 
n*s 1-502 or 1-532. The definitions of criteria of equi- 
valence will be returned to later. 

The invention also relates to a method for 
producing the HIV-2 virus or variants of the latter in 
permanent cell lines derived from T4 lymphocytes, or 
lymphocytes bearing the T4 phenotype, this method con- 
sisting in culturing these lines which have been in- 
fected beforehand with HIV-2 virus and, in particular 
when the level of reverse transcriptase activity has 
reached a specified threshold, in recovering the amounts 
of virus released into the culture medium. 

A preferred permanent line for the purpose of 
culturing HIV-2 is, for example, of the HUT 78 cell 
type. An HUT 78 line infected with HIV-2 was deposited 
on 6th February 1986 with the CNCM under n* 1-519. Cul- 
turing is, for example, carried out as follows : 

The HUT 78 cells (10 6 /ml) are co-cultured with 
infected normal human lymphocyte (10 6 /ml). The culture 
medium is RPMI 1640 with 10\ foetal calf serum. After 15 
to 21 days, a cytopathogenic effect is observed in the 
HUT 78 cells. The reverse transcriptase is assayed one 



week after this observation, in the culture supernatant. 
It is then possible to begin to recover the virus from 
this supernatant. 

Another preferred line for culturing belongs 
to the lines known under the designation CEM. 

The infection and then the culturing of the 
infected CEM cells can be carried out, in particular, as 
f oil ows . 

T4 lymphocytes infected beforehand with HIV-2 
virus and uninfected cells of the CEM line are co-cultu- 
red for the time required for infection of the CEM. The 
culture conditions are then, moreover, continued in a 
suitable medium, for example that described below, and 
when the reverse transcriptase activity of the infected 
cells has reached a sufficient level the virus produced 
is recovered from the culture medium. 

In particular, co-culturing was carried out, 
under the conditions specified below, of human T4 lym- 
phocytes which had been infected five days beforehand 
with a strain of HIV-2 virus originating from a patient 
hereinafter designated "ROD", on the one hand, and CEM, 
on the other hand. 

The infected T4 lymphocytes, activated before- 
hand with phytohaemagglutinin, proved to possess a re- 
verse transcriptase activity of 5.000 cpm/10 6 normal T 
lymphocytes three days after the beginning of the in- 
fection. Culturing was continued until the measured 
reverse transcriptase activity reached 100.000 cpm in 
the supernatant. These T4 lymphocytes were then placed 
in contact with CEM cells (3 x 10 6 infected normal T 
lymphocytes) and reincubated in the following culture 
medium : RPMI 1640 containing 2.92 mg/ml of L-glutamine, 
*\0\ of decomplemented foetal calf serum, 2 ug/ml of 
Polybrene, 0.05% of anti-inter feron-alpha serum, 100.000 
ug/ml of penicillin, 10 ug/ml of streptomycin and 10.000 
ug/ml of neomycin. 
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The culture medium is changed twice weekly. 
The measurements of reverse transcriptase 
activity measured in the supernatant were as follows : 
on day 0 : 1.000 (background) 



30 



on day 15 
on day 21 
on day 35 



20.000 
200 . 000 
1 . 000 . 000 

A CEM culture infected, with HIV 1 2 s ; virus was 
deposited with the Collection Nationale de Cultures de 
Micro-organismes (CNCM) of the Institut Pasteur under n* 
1-537 on 24th March 1986. 

A few characteristics of the antigens and nu- 
cleic acids involved in the structure of HIV-2 emerge 
from the experiments carried out under the conditions 
described below. They will, in many cases, be better 
assessed by comparison with the same type of characte- 
ristics relating to other types of retrovirus, in parti- 
cular HIV-1 and SIV. 

In that which follows, reference will be made 
to the drawings, in which : 

Figures 1a, 1b and 1c relate to crossed immu- 
no-precipitation experiments between sera, respectively, 
of patients affected with HIV-1 and HIV-2, and of rhesus 
25 monkeys infected with STLV-IH, on the one hand, and vi- 
ral extracts of HIV-1, on the other hand ; 

Figures 2a and 2b show comparative results for 
the electrophoretic mobilities of the proteins of HIV-1, 
HIV-2 and STLV-III respectively, in SDS-polyacrylamide 
gels ; 

Figure 3 shows the results of crossed hybridi- 
zation between genomic sequences of HIV-1, HIV-2 and 
STLV-III on the one hand, and probes containing diffe- 
rent subgenomic sequences of the HIV-1 virus, on the 
other hand ; 

3 5 



Figure 4 is a restriction map of the cDNA de- 
rived from the RNA of HIV-2 ROD ; 

Figure 5 is a restriction map of an E2 frag- 
ment of the cDNA derived from HIV-2, this fragment con- 
taining a region corresponding to the 3* LTR region of 
HIV-2 ; 

Figure 6 is a nucleotide sequence of a portion 
of E2, this sequence corresponding to the U3/R region of 
HIV-2 ; 

Figure 7 shows : 

- on the one hand, and schematically, structu- 
ral elements of HIV-1 (Figure 7A) and, aligned with a 
region containing the HIV-1 3' LTR, the sequence derived 
from the E2 region of the HIV-2 cDNA , and 

on the other hand, the common nucleotides 
present, respectively, in the sequence derived from the 
E2 region of HIV-2 and in the corresponding sequence of 
HIV-1, placed in alignment at the cost of a number of 
deletions and insertions (fig. 7B) ; 

Figure 8 shows schematically the structures of 
several clones of a phage modified by several inserts 
originating from the cDNA derived from HIV-2 (clones 
R0D4, ROD27 and ROD35) ; sequences derived, in their 
turn, from R0D4, ROD27 and ROD35, subcloned in a plasmid 
pUC18 f have also been shown schemetically in this figu- 
re, these latter sequences being placed to correspond 
with the regions of R0D4, ROD27 and ROD35 from which 
they respectively originate ; 

Figure 9 shows the relative intensities of 
hybridization between 

a/ eleven fragments removed from different re- 
gions of the complete HIV-1 genome (the fragments being 
shown schematically at the bottom of the figure), on the 
one hand, and the HIV-2 cDNA, present in R0D4, on the 
other hand, and 
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b/ fragments originating from HIV-2 with the 

same cDNA . 

Generelly, the HIV-2 antigens used in the com- 
parative tests, the description of which follows, ori- 
ginate from the HIV-2 MIR strain deposited with the CNCM 
under n* 1-502, and the DNA sequences derived from the 
genomic DNA of HIV-2 originate from the strain HIV-2 ROD 
deposited with the CNCM under n* 1-352. 

I - ANTIGENS, IN PARTICULAR PROTEINS AND 
GLYCOPROTEINS 

The virus initially cultured in HUT 78 was la- 
belled metabolically with [ 35 S]systeine and [ 35 S]methio- 
nine, the infected cells being incubated in the presence 
of these radioactive amino acids in culture medium de- 
void of the corresponding unlabelled amino acid, for a 
period of 14 to 16 hours, especially according to the 
technique described in the paper designated as reference 
(21) in the bibliography presented at the end of the 
description, as regards the labelling with [ 35 S]cystei- 
ne. The supernatant is then clarified and the virus then 
ultracentrif uged for one hour at 100.000 g on a cushion 
of 20% sucrose. The principal antigens of the virus se- 
parated by electrophoresis in a polyacrylamide gel 
(12.5%) under denaturing conditions (SDS), or in a gel 
composed of poly-acrylamide (10%) + bisacrylamide 
(0.13%) with SDS (0.1\ final concentration). The follo- 
wing coloured markers are used as molecular weight refe- 
rences : 



myosin 



200 kd 



phosphorylase B 



97.4 kd 



BSA 



68 kd 



ovalbumin : 



43 kd 



a-chymotrypsin 
fl-lactoglobulin 
lysozyme : 



25.7 kd 



18.4 kd 



14.3 kd 



1 1 

Other molecular weight markers were used in 
other experiments. This applies, in particular, to Fi- 
gures 1a, 1b and 1c, which refer to other known mole- 
cular weight markers (under the letter M in these fi- 
gures). The Antigens are still more readily distingui- 
shed after immuno-precipitation (RIPA) or by immuno- 
imprinting (Wastern blot), using the antibodies present 
in the patient's serum : their apparent molecular 
weights, determined by their apparent migrations, are 
very close to those of the HIV-1 antigens. 

It is generally specified that, in the text 
which follows, the numbers which follow the designations 
"P" and/or "gp" correspond to the approximate molecular 
weights of the corresponding proteins and/or glycopro- 
teins, divided by 1000. For example, p36 has a molecular 
weight of the order of 36.000. It is, however, under- 
stood that these molecular weight values can vary within 
a range which can reach 5%, *\0% or even more, depending 
on the techniques used for the determination of these 
molecular weights . 

Repetition of the experiments enabled the ap- 
parent molecular weights of the HIV-2 antigens to be 
determined more accurately. Thus, it was found that the 
molecular weights of the three core proteins, which had 
initially been assigned molecular weights of the order 
of 13.000, 18.000 and 25.000, respectively, in fact had 
apparent molecular weights closer to the following va- 
lues : 12.000, 16.000 and 26.000, respectively. These 
proteins are hereinafter designated by the abbreviations 
p12, p16 and p26. 

The same considerations apply to the existence 
of protein or glycoprotein bands whose apparent molecu- 
lar weights were assessed at values which could range 
from 32.000 to 42.000-45.000. Repetition of the measu- 
rements finally enabled a band corresponding to an 
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apparent molecular weight of 36.000 to be precisely de- 
fined. In the text which follows, this band is designa- 
ted by the abbreviation p36. Another band at 42.000- 
45.000 (p42) is consistently observed also. One or other 
of p36 or P 42 probably constitutes a transmembrane gly- 
coprotein of the virus. 

A major envelope glycoprotein having a mole- 
cular weight of the order of 130-140 kd is consistently 
observed : this glycoprotein is designated hereinafter 
by the term gp140. 

It is appropriate to note that, in general, 
the molecular weights are assessed with an accuracy of 
± 5\, this accuracy even being capable of becoming a 
little lower for antigens of high molecular weight, as 
was fournd for gp140 (molecular weight of 140 ± 10\). 
This group of antigens (when they are labelled with 
[ S]cysteine is only faintly recognized, if at all, by 
sera of patients containing anti-HIV-1 antibodies in the 
detection systems used in the laboratory or by the use 
of tests employing HIV-1 lysates, such as those marketed 
by DIAGNOSTICS PASTEUR under the name " ELAVIA " . Only the 
p26 protein was weakly immunoprecipitated by such sera. 
The envelope protein was not precipitated. The serum of 
the patient infected with the new virus (HIV-2) faintly 
recognizes a p34 protein of HIV-1. In the detection sys- 
tem used, the other HIV-1 proteins were not recognized. 

In contrast, HIV-2 possesses some proteins 
which show some immunological relationship with compara- 
ble structural proteins or glycoproteins , separated un- 
der similar conditions from a retrovirus recently iso- 
lated from captive macaques of the rhesus species, whe- 
reas this immunological relationship tends to become 
obliterated for other proteins or glycoproteins. This 
latter retrovirus, which is. presumed to be the Etiolo- 
gical agent of AIDS in monkeys, was designated by the 
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investigators who isolated it [bibliographic references 

(16-18) below] by the name "STLV-III ". For conveni en- 
mac 

ce of reference, it will be designated in the text which 
follows simply by the term "STLV-III" (or alternatively 
by the term SIV, an abbreviation for "Simian Immunodefi- 
ciency Virus" ) . 

Another retrovirus, designated "STLV-III 

AGM 

or SIV AGM* ' has been isolated in wild green monkeys. 
However, in contrast to the virus present in rhesus 
monkeys, the presence of " STLV ~ III AGM M does not appear 
to induce an AIDS-type disease in African green monkeys. 

Nevertheless, the ^immunological relationship 
of the structural proteins and glycoproteins of HIV-2 on 

the one hand and the STLV-III and STLV-III^, retro- 
mac AGM 

viruses on the other hand, and consequently the ""relaV 
tionship of their nucleic acid sequences, remains li- 
mited. Experiments have enabled a first distinction to 
be established between the retroviruses capable of in- 
fecting man or monkeys ; the following emerges ; 

The HIV-2 virus does not multiply in chronic 
fashion in the lymphocytes of rhesus monkeys when it has- 
been injected in viv o and under working conditions which 

permit the development of the STLV-III virus, as have 

mac 

been described by N. L. Letvin et al . , Science (1985), 
vol. 230, 71-75. 

This apparent inability of HIV-2 to develop in 
monkeys under natural conditions enables the HIV-2 vi- 
rus, on the one hand, and the STLV-III virus isolates, 
on the other hand, to be differentiated biologically. 

Employing the same techniques as those recor- 
ded above, it was found that it was also possible to 
obtain the following from STLV-III : 

a principal p27 core protein, having a mole- 
cular weight of the order of 27 kilodaltons, 

a major envelope glycoprotein, gp140, 
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a p32 protein, probably transmembrane, which 
is not observed in RIPA when the virus has been labelled 
beforehand with [ 35 S] cysteine , but which can be observed 
in immuno-imprinting experiments (Western blots) in the 
form of broad bands. 

The major envelope glycoprotein of HIV-2 has 
proved to be immunologically closer to the major enve- 
lope glycoprotein of STLV-IU than to the major envelope 
glyco-protein of HIV-1. 

These findings apply not only in respect of 
the molecular weights, 130-140 kilodaltons for the major 
glycoproteins of HIV-2 and STLV-III compared with appro- 
ximately 110 for the major envelope glycoprotein of HIV- 
1, but also in respect of the immunological properties; 
since sera drawn from patients infected with HIV-2, and 
more especially antibodies formed against the HIV-2 
gp140, recognize the STLV-III gp140 whereas, in compara- 
ble experiments, the same sera and the same antibodies 
to HIV-2 do not recognize the HIV-1 gp110. However, an- 
ti-hiv-2 do not recognize the HIV-1 gp110. However, an- 
ti-HIV-1 sera which have never reacted with the HIV-2 
gp140s precipitate a [ 35 S]cysteine-labelled 26kd protein 
present in extracts of HIV-2. 

The major core protein of HIV-2 appears to 
have an average molecular weight (approximately 26.000) 
intermediate between that of the HIV-1 p25 and the p27 
of STLV-III. 

These observations are derived from experi- 
ments carried out with viral extracts obtained from 
HIV-2 isolated from one of the abovementioned patients. 
Similar results have been obtainedAfith viral extracts 
of HIV-2 isolated from the second patient. 

Cells infected, respectively, with HIV-1, 
HIV-2 and STLV-III were incubated in a medium containing 
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200 p Ci/ml of [ 35 S]cysteine in a medium free from unla - 
belled cysteine for 16 hours. The clarified supernatants 
were centrifuged at 60.000 g for 90 minutes. The pellets 
were lysed in an RIPA buffer (1), immunoprecipi tated 
with different sera and then subjected to electrophore- 
sis on polyacrylamide gel charged with sodium dodecyl 
sulphate (SDS-PAGE). 

The results observed are illustrated by figu- 
res 1a, 1b and 1c. 

Figure 1a shows the observed results of immu- 
ne-precipitation between a viral extract of HIV-1 obtai- 
ned from a CEM C1.13 cell line and the following sera, 
respectively : 

anti-HIV- 1-positive serum (band 1), 
serum obtained from the first patient mentio- 
ned above (band 2), 

serum of a healthy African carrier of anti- 
HIV-1 antibodies (band 3), 

serum obtained from a macaque infected with 
STLV-III (band 4) , and 

serum of the second patient mentioned above 

(band 5) . 

In Figure 1b, there are recorded the observed 
results of immunoprecipitation between the HIV-2 anti- 
gens obtained from the first patient, after prior cultu- 
re with HUT-78 cells, and different sera, more especial- 
ly the serum of the abovementioned first patient (band 
1), the anti-HIV-1-positive serum (band 2), the serum of 
the macaque infected with STLV-III (band 3) and the 
serum of the abovementioned second patient (band 4). 

Finally, Figure 1c illustrates the observed 
results of immunoprecipitation between the antigens of 
an STLV-III isolate obtained from a macaque having a 
simian AIDS. The sera used, to which the bands 1 to 5 
refer, are the same as those recorded above in relation 
to Figure 1a. 
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M refers to the markers myosin (200 kd), ga- 
lactosidase (130 kd), bovine serum albumin (69 kd), 
phosphorylase B (93kd), ovalbumin (46kd) and carbonic 
anhydrase (30 kd). , 

Figures 2a and 2b show comparative results for 
the electrophoretic mobilities of the proteins of HIV-1, 
HIV-2 and STLV-III. 

Figure 2a relates to the experiments carried 
out with extracts of virus labelled with [ 35 S]ii>ysteine , 
after immunoprecipitation on SDS-PAGE. The different 
bands relate to the following virus extracts : virus 
obtained from patient 1 and immunoprecipitated by the 
serum originating from the same patient (band 1), 
extract of the same virus immunoprecipitated with a 
negative control serum originating from a person not 
carrying anti-HIV-1 or anti-HIV-2 antibodies (band2), 
extract of STLV-III virus immunoprecipitated with a 
serum originating from a macaque infected with STLV-III 
(band 3), immunoprecipitation observed between extracts 
of the same virus and a negative control serum (band 4), 
and extract of HIV-1 immunoprecipitated with the serum 
of a European patient infected with AIDS. 

Figure 1b shows the results obtained in 
Western blot ( immune-imprinting ) experiments. Cell ly- 
sates originating from uninfected or infected HUT-78 
cells were subjected to electrophoresis on SDS-PAGE , and 
then transferred electrophoretical ly to a nitrocellulose 
filter before being reacted with the serum of the above- 
mentioned first patient (serum diluted 1/100). The ni- 
trocellulose filter was then washed and the detection of 

1 0 s 

the bound antibodies visualized with I-labelled goat 
anti- human IgG. 

The spots observed in bands 1 f 2 and 3 relate, 
respectively, to the agglutination experiments between 
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the abovementioned serum and extracts of uninfected HUT- 
78 cells (band 1), extracts of HUT-78 cells infected 
with an HIV-2 virus (band 2) and extracts of HUT-78 
cells infected with STLV-IU (band 3). The numbers which 
appear in the margins beside each of the bands corres- 
pond to the approximate molecular weights of the most 
representative viral proteins (molecular weights in 
kilodaltons ) . 

II - NUCLEI C ACTn.q 

1/ The RNAs of the HIV-2 retrovirus 
The RNA of the virus, deposited on a filter 
according to the "spot blot" technique, did not hybri- 
dize, under stringent conditions, with the DNA of HIV-1. 

By "stringent conditions", there are under- 
stood the conditions under which the hybridization reac- 
tion between the RNA of the HIV-2 and the chosen probe, 
radio-actively labelled with 32 p (or labelled in a dif- 
ferent manner), followed by the washing of the probe, 
are carried out. The hybridization, on a membrane, is 
carried out at 42 *c in the presence of an aqueous so- 
lution particularly of 50% formamide ( volume/ volume) in 
0.1% SDS/5X SSC for 18 hours. The membrane on which the 
hybridization reaction has been carried out is then 
washed at 65'C in a buffer containing 0.15% of SDS and 
0. 1 X SSC. 

By "non-stringent conditions", there are un- 
derstood the conditions under which the hybridization 
reaction and the washing are carried out. The hybridi- 
zation is carried out by bringing into contact with the 
chosen probe, labelled with 32 P (or otherwise labelled), 
namely at 42'C in a 5 X SSC buffer, 0.1% SDS, containing 
30% of formamide for 18 hours. The washing of the mem- 
brane is carried out at 50'C with a buffer containing 
0.1% of SDS and 2 X SSC. 

Hybridization experiments were also carried 
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out with a hybridization probe consisting of a recom- 
binant plasmid pBT1 obtained by cloning the DNA of HIV-1 
originating from,\J19 (Cell 1985, vol. 40, p. 9) in the 
vector pUC18. Under non-stringent conditions, only very 
weak hybridization was observed between the RNA of HIV-2 
and the cloned DNA derived from HIV-1. 

Other probes containing cloned sequences of 
HIV-1 were used : 

a/ single-stranded probes of subgenomic DNA of 
HIV-1, produced from subclones of the HIV-1 genome and 
inserted in phage M13. The cloned regions related to the 
protease gene or the yendonuclease" gene. 

Only one probe of the endonuclease region of 
HIV-1 (nucleotide sequence between bases n # s. 3760 and 
4130) gave a weak hybridization under non-stringent con- 
ditions with HIV-2. The "protease" probe (HIV-1 nucleo- 
tide sequence between bases n*s. 1680 and 1804) did not 
hybridize even under non-stringent conditions with 
HIV-2. 

b/ A probe pRS3, consisting of the sequence 
coding for the "envelope" region of HIV-1 (subcloning in 
pUC18) did not give hybridization under non-stringent 
conditions with HIV-2. 

The "spot blot" technique is also known as 
"dot blot" (transfer by spots). 

Further results of hybridization between ge-^ 
nomic RNAs of HIV-1, HIV-2 and STLV-III, on the one 
hand, and probes containing different subgenomic sequen- 
ces of the HIV-1 virus, on the other hand, appear in^ 
Figure 3. 

The supernatants of the different culture 
media (in the proportion of 0.5 to Tml for each spot) 
were centrifuged for 5 minutes at 45.000 revolutions per 
minute ; the pellets were resuspended in an NTE buffer 
containing 0.1V of SDS and deposited on a nitrocellulose 
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filter. Th<- latter was pre-soaked in a 2 x SSC medium 
(0.3 M NaCl, 0.03 M sodium citrate). After baking (for 2 
hours at 80'C), the filters were hybridized with various 
probes contraining genomic sub- fragments of HIV-1, under 
non-stringent conditions ( 30°& formamide, 5 X SSC , 40'C), 
washed at 50*C with a 2 X SSC solution containing 0.1\ 
of SDS and then autoradiographed for 48 hours at -70*C 
with enhancing screens . 

The probes 1-4 are single-stranded probes 
obtained by the "prime cut" method as described in (25). 
Briefly, the single-stranded fragments originating from 
the M13 virus and bearing subgenomic HIV-1 inserts (30) 
were ligated to oligomeric fragments (17 nucleotides) 
originating from M13 ( BIOLABS ) . The complementary strand 
was then synthesized with Klenow enzyme in a TM buffer 
(10 mM Tris, pH 7.5, 10 mMMgCl 2 ) in the presence of 
dATP, dGTP , dTTP and dCTB , labelled with 32 P at the 
alpha-position (Amersham, 3000 Ci/mmol). The DNA was 
then digested with the appropriate restriction enzymes, 
heat denatured and subjected to electrophoresis on a 
denaturing polyacrylamide gel (containing 6% of acryla- 

mide, 8 M urea in a TDE buffer). The gel was then auto- 
radiographed for 5 minutes. The probe was then cut out 

and eluted in a 300 mM NaCl, 0.1% SDS buffer. Specific 

activities (SA) of these single-stranded probes were 

estimated at 5 x 10 8 - 10 9 disintegrations per 

minute/microgram (dpm/ug) . 

The characteristic sequences present in the 

different probes were as follows : 

Probe 1 : nucleotides 990-1070, 

Probe 2 : nucleotides 980-1260, 

Probe 3 : nucleotides 2170-2240 

Probe 4 : nucleotides 3370-3640. 

The numbering of the above nucleotides are 

those envisaged in the paper under reference (30). 
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Lastly, the probe 5 consists of a plasmid 
p0C18 bearing the EcoR1-Sac1 fragment of the-HIV clone 
in XJ 1 9 (31), which was subjected to nick translation to 
obtain an SA of approximately 10 8 dpm/pg. 

The relative arrangements of the subgenomic 
fragments present in the probes with respect to the 
whole HIV-1 genome are shown schematically in Figure 3. 
The different spots correspond, respectively, as fol- 
lows : 

spot A : a virus is obtained from a culture of 
CEM C1.13 cells infected with HIV-1, 

spot B : a virur: is obtained from HUT-78 cells 
infected with STLV-III, 

spots C and D : isolates- obtained, respecti- 
vely, from the viruses of the abovementioned two African 
patients , 

spot E : negative control cell extract obtai- 
ned from uninfected HUT-78 cells, 

spot F : virus obtained from a patient from 
Zaire suffering from AIDS , which had been cultured in 
normal T lymphocytes in the presence of TCGF. 

All the spots were obtained with an amount of 
virus corresponding to 25.000 dpm of reverse transcrip- 
tase activity, except for the spots C : 15.000 dpm. 

The following observations were made : 

The genomic RNAs of the two HIV-2 isolates ob- 
tained from purified viral particles did not hybridize 
with any of the probes under the stringent conditions 
described above, although the viral particles were iso- 
lated and purified from culture supernatants of highly 
infected cells showing evidence of high reverse trans- 
criptase activity. 

Under the non-stringent conditions described 
above, the following observations were made : all the 
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probes hybridized intensely with the genomic RNAs obtai- 
ned from the control HIV-1 preparations and from another 
isolate obtained from a patient from Zaire suffering 
from AIDS. 

Two of the probes obtained (nucleotides 990- 
1070 and 990-1260, both originating from the gag region 
of HIV-1) hybridized slightly with the spots from ex- 
tracts of the HIV-2 retroviruses ; only one of these two 
probes (nucleotides 990-1260) also showed slight hybri- 
dization with the STLV-III spot (Figure 3). As regards 
the probe containing a fragment of the p_ol region (nu- 
cleotides 2170-2240), hybridization was observed with 
STLV-III and, albeit much more weakly, with the RNA of 
HIV-2. The other probe of the pol region (nucleotides 
3370-3640) did not give hybridization with any of the 
HIV-2 and STLV-III spots. 

Lastly, the probe modified by nick translation 
and containing the entire env gene and the LTR (nucleo- 
tides 5290-9130) of HIV-2 did not hybridize either with 
the RNAs of STLV-III or with those of HIV-2. 

It will also be noted that anoter probe which 
contained the 5' end of the £ol reading frame of HIV-1 
(corresponding to the protease region) did not hybridize 
either with the RNAs of HIV-2 or with the RNAs of STLV- 
III. 

It consequently also results from the fore- 
going that the HIV-2 virus appears more remote, from the 
structural standpoint, from the HIV-1 virus than it is 
from STLV-III. HIV-2 nevertheless differs significantly 
from STLV-III, which bears out the different results ob- 
served in respect of the infective capacities of the 
HIV-2 viruses, which are virtually nil in monkeys, com- 
pared with the unquestionable ineffective capacities of 
STLV-III viruses in these same specites of monkeys. 



The restriction maps and the genomic RNA se- 
quences of HIV-2 f or of the cDNAs obtained from these 
genomic RNAs are accessible to those versed in the art, 
since the strains of HIV-2 deposited with the CNCM can, 
after suitable multiplication, provide him with* the 
genetic equipment required for the determination of 
these restriction maps and nucleotide sequences. The 
conditions under which the restriction map of the genome 
of one of the HIV-2 isolates of this invention were es- 
tablished, and the conditions under which certain por- 
tions of cDNA derived from these genomes were sequenced, 
are described below. 

The restriction map of the genome of a retro- 
virus which is representative of HIV-2 retroviruses is 
shown in Figure 4. The restriction map of a substantial 
fragment of this cDNA is shown in Figure 5. Finally, a 
portion of this latter fragment has been sequenced. 

This sequence, and a number of the restriction 
sites which it contains, are shown in Figure 6. The clo- 
ned whole cDNA - or cloned fragments of this cDNA - can 
themselves be used as specific hybridization probes. 

2/ cDNA and fragments of this cDNA derives , 

respectively, from the RNA of HIV-2 

The conditions under which the abovementioned 
cDNA was obtained are described below. 

The first stage of manufacture of this cDNA 
comprised the production of an oligo(dT) serving as a 
primer or of an initiator cDNA strand, by carrying out 
an endogenous reaction activated by a detergent, using 
the reverse transcriptase of HIV-2 , on purified virions 
obtained from supernatants of infected CEM cells. The 
CEM cell line was a lymphoblastoid CD4 + cell line 
described by G.E.Foley et al. in Cancer 18 : 522-529 
(1965), which is considered to be incorporated herein by 
reference. These CEM cells used are infected with an ROD 



isolate, which was shown to produce substantial amounts 
of HIV-2 continuously. 

After the synthesis of the second strand (in 
the presence of nucleotides and a bacterial DNA poly- 
merase), the double-stranded cDNAs were inserted into a 
bacterial phage vector M13 TG130. A phage library of 10 4 
recombinant M13 phages was obtained and subjected to an 
in situ screening with an HIV-1 probe. The latter con- 
tains a 1.5 kb fragment originating from the 3* end of 
the cDNA derived from the RNA of the LAV isolate (shown 
in • Figure 7A) . Approximately 50 positive plaques were 
detected, purified and characterized by crossed hybridi- 
zation of the inserts and sequencing of the ends. 

This procedure enabled different clones to be 
isolated, containing sequences approximately complemen- 
tary to the 3 1 end of the polyadenylated RNA of the LTR 
[abbreviation for "long terminal repeat" of HIV-1, des- 
cribed by S. Wain Hobson et^ al^. in Cell 40 : 9-17 
(1985)] region, considered to be incorporated herein by 
reference . 

The largest of the inserts of the group of M13 
clones in question, which hybridize with the 3' LTR re- 
gion of HIV-1, is an approximately 2 kb clone designated 
E2. Like the 3* LTR region of HIV-1, the cloneE2 con- 
tains an AATAAA signal situated approximately 20 nucleo- 
tides upstream from a poly(A) terminal portion, and a 3' 
LTR region corresponding to that of HIV-2. After partial 
sequencing, this 3' LTR region of HIV-2 proved to pos- 
sess a distant relationship with the homologous region 
of HIV-1 . 

Figure 5 is a restriction map of the fragment 
of E2 (elongated rectangular area) incorporated in plas- 
mid pSPE2_which contains it. It comprises part of the R 
region ^nd the U3 region of HIV-2. The drawing does not 
show the boundaries of the R and U3 regions. 
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The sequence of part of E2 is shown in Figure 
6. The positions of specific restriction sites are in- 
dicated therein. The small degree of relationship bet- 
ween the 3' LTR regions of HIV- 1 and HIV -2 is illustra- 
ted in Figure 7. In effect, only approximately 50% of 
the nucleotides of the two LTR sequences can be placed 
in alignment (approximately 50% sequence homology), at 
the cost of some insertions or deletions. In comparison, 
the sequence homology of the corresponding regions <: ' 
the different variant American and African isolates of 
HIV-1 is greater than 95%, without insertion or dele- 
tion. 

The clone E2 was used as a specific probe for 
HIV-2, for the identification on a hybridization filter 
of the sequences originating from HIV-2 and present in 
other clones. 

This probe also detects the genomic RNA of 
HIV-2 under stringent conditions. It likewise permits 
detection, by the so-called "Southern blot" method on 
the DNA of CEM or similar cells infected with an ROD 
isolate or with other HIV-2 isolates. No signal is de- 
tected under the same stringency conditions in tests of 
hybridization of this probe with cDNAs originating from 
uninfected cells or from cells infected with HIV-1. 
These results confirmed the exogenous nature of HIV-2 
with respect to HIV-1. An approximately 10 kb species, 
probably corresponding to the non-integrated viral DNA, 
was detected as a principal constituent in the undi- 
gested DNA of cells infected with HIV-2. Anoter DNA ha- 
ving an apparent size of 6 kb, possibly corresponding to 
a circular form of the viral DNA, was also detected. 

The other portions of the HIV-2 genome were 
also identified. For this purpose, a genome library was 
constructed in phage lambda L47. Phage lambda L47.1 has 
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been described by W.A.M. Loenen et al . in Gene JO 249- 
259 (1980) r which publication is considered to be incor- 
porated herein by reference. 

The genome library is constructed with frag- 
ments obtained by digestin of the DNA originating from 
the CEM cell line infected with HIV-2 ROD, after di- 
gestion with the enzyme Sau 3AI . 

Approximately 2 x recombinant plaques were 

screened in situ with a clone containing the labelled E2 
insert of the HIV-2 cDNA. Ten recombinant phages were 
detected on plaques and purified. The restriction maps 
of three of these phages, characterized by their capa 
city for "Southern blot" hybridization with the E2 in- 
sert under stringent conditions, a: well as with subge- 
nomic probes of HIV-1 under non-stringent conditions. 

A clone bearing a 9.5 kb insert and derived 
from the whole circular viral DNA, containing the com- 
plete HIV-2 genome, was identified. It was designated 
"Lambda ROD 4". The other two clones, lambda ROD 27 and 
Lambda ROD 35, derived from integrated proviruses, bear 
LTR sequences of the viral coding sequences and adjacent 
cell DNA sequences. The different sequences are shown in 
Figure 8. 

Fragments of the iambda clones were subcloned 
in plasmid vector pUC18. The fragments originating from 
X ROD 4, A ROD 27 and A ROD 35, and subclones respecti- 
vely, in the abovementioned plasmid vector, are also 
seen in Figure 8. The following sublclones were obtai- 
ned : 

pROD 27-5, derived from Lambda ROD 27, con- 
tains a 5.2 kb region of the HIV-2 genome and adjacent 
cell sequences (5' LTR and 5' coding viral sequence 
around an EcoRI site); 

pROD 4.8, derived- from Lambda ROD 4, contains 
an approximately 5 kb Hindlll fragment. This fragment 



26 

corresponds to the central portion of the HIV-2 genome; 

PROD 27-5' and pROD 4.8 contain HIV-2 inserts 
chich overlap each other; 

- pROD 4.7 contains a 1 . 8 kb Hindlll fragment of Lambda 
ROD 4; this fragment is placed in the 3 direction with 
respect to the subcloned fragment in pROD 4.8, and con- 
tains approximately 0.8 kb of coding viral sequences and 
a portion situated between the BamKI and Hindlll cloning 
sites of the left arm of phage Cambda (Lambda L 47.1) ; 

pROD 35 contain? all the HIV-2 coding sequen- 
ces in the 3 direction with respect to the EcoRI site, 
the 3' LTR end and approximately 4 kb of adjacent nu- 
cleotide sequences of cellular origin ; 

pROD 27-5' and pROD 35, present in E. coli HB 
101, were deposited on November 21, 1986 with the CNCM 
under 1-626 and 1-633 ; ^— H 



pROD 4.7 and^pRj0D8^present in E. coli TG1, 
were deposited on November 21, 1986 with the CNCM, 
respectively, under n # s 1-627 and 1-628. 

The complete HIV-2 ROD genome, the restriction 
map of which is seen in Figure 4, was reconstituted from 
pROD 35, linearized beforehand with EcoRI, and pROD 27- 
5'. The EcoRI insert of pROD27-5 was ligated in the cor- 
rect orientation in the EcoRI site of pROD 35. 

The degree of relationship between HIV-2 and 
the other human or simian retroviruses was assessed by 
mutual hybridization experiments. The relative homology 
between the different regions of HIV-1 and HIV-2 genomes 
was determined by tests of hybridization of fragments 
originating, respectively, from cloned HIV-1 genome and 
from radioactively labelled lambda ROD 4. The relative 
positions of these fragments (numbered from 1 to 11) 
with respect to the HIV-1 genome are seen at the bottom 
of Figure 9 . 
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Even under very low stringency conditions (Tm- 
42 # C), the HIV-T and HIV-2 genomes hybridize only at the 
level of their respective gag genes (spots 1 and 2), 
reverse transcriptase regions in pol (spot 3), end re- 
gions of pol , Q (or sor) genes (spot 5) and F (or 3' 
orf) genes and 3* LTR (spot 11). The HIV-1 fragment used 
for detecting the first cDNA clones of HIV-2 corresponds 
to the subclone of spot 11, which hybridizes relatively 
well with HIV-2 under non-stringent conditions. A signal 
originating from spot 5 is the only one which persists 
after stringent washing. The envelope gene, the tat gene 
region and part of pol appear to be highly divergent. 
These data, as well as the sequence obtained with LTR 
(Figure 3), demonstrate that HIV-2 is not (at all 
events, as regards its envelope) a variant of HIV-1. 

It is observed that HIV-2 is more closely re- 
lated to SIV [described by M. D. Daniel et al in Science 
228 : 1201-1204 (1985)], which must be considered to be 
incorporated herein by reference] than it is to HIV-1. 

All the proteins of SIV r including the enve- 
lope protein, are immunoprecipitated by sera of pa- 
tients infected with HIV-2, while the serological 
cross-reactivity of HIV-1 and HIV-2 is limited to the 
core proteins. However, SIV and HIV-2 can be distingui- 
shed by Jthe differences' mentioned above in respect of 
the molecular weights of their proteins;. 

^ ~~£s~~ regards the nucleotide sequences, it is 
also noted that HIV-2 is related to SIV. 

Furthermore, the characterization of HIV-2 
also makes it possible to demarcate the region of the 
envelope glycoprotein which is responsible for the bin- 
ding of the virus to the surface of the target cells and 
the subsequent internalization of the virus. The inter- 
action takes place via the CD4 molecule itself, and it 
appears that HIV-1 and HIV-2 use the same receptor. 
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Thus, although there are large differences between the 
env genes of HIV-1 and 2, the restricted homologous re- 
gions of the envelopes of the two forms of HIV can be 
considered to be constituents of binding to a common 
receptor of T4 lyphocytes. These sites are called on to 
form epitopes bearing the immunogenicity of peptides 
which might be used to elicit in man a protective immu- 
noresponse against HIV viruses. 

Advantageous sequences for forming probes in 
hybridization reactions with the genetic material of pa- 
tients carrying viruses or proviruses, in particular for 
detecting the presence of HIV-2 virus RNA in tht.-ir lym- 
phocytes, contain a nucleotide sequence resulting from 
the combination of 5 kb Hindlll fragments of ROD 4 and 
E2 cDNA. The experiments can be carried out by all 
methods, in particular by the "Northern blot", "Southern 
blot" and "dot blot" techniques. 

Further characteristics of the invention will 
also emerge, without implied limitation, in the course 
of the description which follows of examples of identi- 
fication of certain portions of the retroviral genome 
and of the production of a number of recombinant DNAs 
involving various portions of a cDNA derived from the 
retroviral genome of HIV-2. 

EXAMPLES 

EXAMPLE I 

DNA probe, fo r use in kits for diagnosis of HIV-2 

A cDNA complementary to the genome RNA, ob- 
tained from purified virions, was prepared by the fol- 
lowing method : 

The supernatant obtained after 48 hours' cul- 
turing of CEM cells infected with an HIV-2 ROD isolate 
of HIV-2 was ultracentrifuged. The centrif ugation pellet 
containing the. virion was centrifuged on a sucrose 
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gradient to form a new cent r i f ugation pellet, substan- 
tially by the same method as that described in European 
Patent Application 84/401.234 - 0.138.667, already men- 
tioned . 

The purified HIV-2 preparation was used for 
the synthesis of cDNA, employing an endogenous reaction 
activated by a detergent. 

In summary, the virion preparation was added 
to a reaction mixture containing 50 mM Tris-HCL, 5 mM 
MgCl 2 , 10 mM 'PTT, 0.025°* of the detergent marketed under 
the name TRITON, and 50 mM of each of the 4 deoxynucleo- 
side triphosphates and an oligo(dT) initiator. The 
reaction was carried out for 90 minutes at 37 # C. 

After extraction with phenol of the proteins 
present in the first reaction medium, the second cDNA 
chain was synthesized in the presence of RNAse , E. coli 
DNA polymerase 1 and the 4 deoxynucleotides , for 1 hour 
at 15 # C and 1 hour at 22*C. Blunt ends were created on 
this double-stranded cDNA by the action of T4 DNA poly- 
merase. All the reagents for this procedure are commer- 
cially available (AMERSHAM cDNA kit) and were used as 
recommended by the supplier. 

After (1) ligation of adapters (linkers) 
containing an EcoRI site (marketed by Pharmacia) to the 
blunt ends of the cDNA in the presence of a T4 DNA li- 
gase (marketed by BI0LABS), (2), digestion of these 
linkers with the restriction endonucleace Eco RI , and (3) 
removal of the linker fragments by gel filtration (gel 
column marketed under the name ULTR0GEL) on AcA 34 
(LKB-IBF), the cDNA is inserted in an M 13 TG 130 vector 
cleaved with EcoRI. A library of cDNAs was obtained 
after transformation of E.coli strain TG1 . Approximately 
10 4 recombinant M13 plaques were obtained. 

To select, in the cDNA library, recombinant 
M13 clones containing the HIV-2 cDNA, the technique of 
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plaque hybridization was used. The DNA of the M13 pla- 
ques was transferred to nitrocellulose filters and 
hybridized with subgenomic HIV-1 probes derived from the 
"lambda J19" clone of an LAV (or HIV) virus decribed in 
the European patent application. This probe contained an 
insert consisting of a portion having an approximate 
length of 1500 base pairs (bp) of HIV-1 DNA. This insert 
was bounded by two Hindlll restriction sites, respecti- 
vely, inside the open reading frame of the "env" gene 
and in the R segment of the 3' LTR end of HIV-1. This 
probe contained the 3' end of the env gene, the whole F 
gene, the U3 segment and a portion of the R segment of 
the LTR, having an approximate length of 1500 base pairs 
(bp) . 

The probe containing the 1 . 5 kg HindHI insert 
was labelled with [ 32 P]-dCTP and -dTTP (3000 Ci x 10 -3 
mole) by incubating the probe in the presence of initia- 
tors and Klenow DNA polymerase I for 4 hours at 15 *C 
(using an AMERSHAM kit). The tests of hybridization of 
the cDNA clones of the library were performed overnight 
under low stringency conditions, in a solution of a 
hybridization medium containing 5 X SSC, 5 X Denhart, 
25% of formamide, 100 pg/ml of denatured salmon sperm 
DNA and the labelled probe (2 x 10 7 cpm with a specifi- 
city of 10 9 cpm/wg) at 37'c. The filters were subjected 
to three washing stages, successively in the presence of 
the three solutions whore compositions are stated as 

follows : 

Washing n* 1: 5XSSC , O.U SDS,at 25*C for 4x15 minutes 
Washing n* 2: 2XSSC , 0.1% SDS,at 42'C for 2x30 minutes 
Washing n* 3:0.1XSSC, 0.1% SDS, at 65*C for 2x30minutes 
Each washing is followed by autoradiography of the fil- 
ters . 

Several positive clones were detected after 
washing n* 1 and were still detected after washing n* 2. 
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However, all the signals disappeared after washing n # 3. 
This indicates that the positive clones had only a weak 
relationship with the HIV-1 genome, which was neverthe- 
less sufficient to perform the abovementioned selection. 
The positive clones were subcultured, redeposited on 
plaques and again hybridized with the same probe under 
the stringency conditions corresponding to washing n* 1. 
Most of them were still positive. 

The clones were also selected using a total 
human DNA probe under conditions of moderate stringency 
and by hybridization in 5 X SSC f 5 X Denhart and 40% 
formamide, followed by washing in 1 X SSC, 0.1\ SDS at 
50*C. None of the previously positive clones was de- 
tected, and consequently did not correspond to specific 
repeated DNA or to the cDNA of the ribosomal RNA. 

The positive M13 recombinant clones were cul- 
tured in a liquid medium and characterized as follows : 

( 1 ) Size of their insertion : 

An M13 single-stranded type DNA was obtained 
from each individual clone, and the synthesis of the 
second strand was performed with an M13 17-mer initiator 
sequence and the Klenow enzyme. The inserts were excised 
using EcoRI (BOEHRINGER) and analysed by agarose gel 
electrophoresis. The majority of the inserts contained 
from 200 to 600 and 200 bp, with the exception of the 
clone designated E2 . 1 , which had an approximate length 
of 2 kbp. 

( 2 ) Analysis of the nucleotide sequence : 
Several clones were partially sequenced using 

the dideoxy method of Sanger et al., described in Proc. 
Natl. Acad. Sci. 74:5463-7 (1977), which forms part of 
the present description. Various independent clones con- 
tained similar nucleotide sequences, with the exception 
of the poly (A) chains at their 3' ends, the lengths of 
which were different. These results demonstrate that 
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these cDNA clones were derived from the RNA template. 
Detailed sequence analysis of these cDNA clones, inclu- 
ding the 3' end of the HIV-2 genome, showed a limited 
relationship with HIV-1. 

(3) Hybridization w ith the genomic RNA and DNA of 

HIV-2 : 

(a) Production of the genomic RNA of HIV-2 : 
An infected supernatant was centrifuged 
(50.000 revolutions, 30 minutes). The pellet of the 
deposit was resuspended in 10 mM Tris pH 7.5, 1 mM EDTA, 
0.1 % SDS. One of the insertion clones, F1.1, was label- 
led and used as a probe for hybridization with the 
genomic RNA of different viral isolates, according to 
the M dot-blot M technique. 

The "dot-blot" technique comprised the follo- 
wing stages : 

(i) Depositing the sample (HIV-2 lysate) rh spots 

on a nitrocellulose membrane soaked beforehand in 20 X 
SSC (3 M NaCl, 0.3 M sodium citrate) and dried in the 
air, (ii) baking the membrane for 2 hours at 80C, and 
(iii) performing the hybridization. 

This hybridization was performed under high 
stringency conditions (5 X SSC, 5 X Denhart, 50% for- 
mamide at 42'C). It was followed by washing in 0.1 X 
SSC, 0.1* SDS at 65*C. Under these conditions, the probe 
hybridizes strongly to the spots originating from two 
independent isolates of HIV-2, including LAV-II ROD, 
from which the cloned cDNA originated. A weak hybridi- 
zation signal was detected with the spot formed by STLV- 
III mac [Simian T-lymphotropic Virus (also known as 
"SIV" ), type III macaque], and no hybridization was 
detected with the HIV-1 isolates. 

The "Southern blot" experiments, employing the 
clone E2.1 containing the 2 .kb insert as a 32 P-labelled 
probe, did not reveal any hybridization with the DNAs of 
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uninfected cells, but detected bands in detached cells 
infected with HIV-2, under high stringency conditions. 
HIV-2 shows polymorphism at levels of its restriction 
map which are equivalent to those of the restriction 
maps of HIV-1. With the complete cellular DNA of in- 
fected cells, two types of signal are detected by the 
"Southern blot" method : . ( 1 ) in DNA fractions having 
molecular weights MW of approximately 20 kb and more, in 
the case of integrated forms of the virus, and (2) in 
the fractions of lower MW (9,10 kb), in the case of the 
virus not integrated in the genome. 

These characteristics are highly specific to a 
retrovirus. 

Some experiments performed with STLV-III (SIV- 
3) from infected cells enabled it to b* established that 
the simian retrovirus is relatively distant from HIV-2 
(the signal is detected exclusively under low stringency 
conditions). These experiments show that the abovemen- 
tioned probes permit the specific detection of HIV-2. 
( 4 ) Subcloning of the cDNA of HIV-2 in a bacterial 

plasmid vector : 

The positive M13 clone, E 2.1, was selected 
and subcloned in a plasmid vector. Th^ DNA of the recom- 
binant M 13 (TG 130) phage E 2 was purified in the form 
of a single-stranded DNA (M- 1 3-ROD-E2 ) containing the 
2 kb insert containing the 3* portion of the HIV-2 geno- 
me (obtained from HIV-2 ROD). This insert was transfer- 
red to plasmid pSP65, described by Melton, D.A., in 357 
Nucleic Acid Res. 12:035-7056 (1984). 

A second chain was constructed in vitro in the 
presence of the 17-mer initiator sequence (AMERSHAM) , 
the four nucleotides A, C, T, G, and DNA polymerase I 
(Klenow). The EcoRI insert was excised by EcoRI diges- 
tion and purified on agarose gel, and then ligated to 
PSP65 which had itself been digested beforehand with 
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EcoRI . The ligation mixture was used to transform E . col i 
strain DH1 , and recombinants were selected on the basis 
of their capacity for resistance to ampicillin. The re 
combinants identified were cultured on LB medium (Luria 
medium) containing 50 pg/ml of ampilillin. These recom- 
binant plasmids were purified and monitored for the 
presence of the correct inserted fragment. 

One of th<- clones obtained, designated by the 
reference pSPE2, was deposited with the CNCM in Paris, 
France, under access n* 1-595 on 5th September 1986. 

The inserts derived from the cDNAs of HIV-2 
and which were present inserted in the abovementioned 
probe contained the nucleotide sequence which has been 
defined above, in conformity with a part of E2 . 
EXAMPLE II 

Cloning of a cDNA comp lementary to the DNA complementary 
to the genomic RNA of HIV-2 virions 

HIV-2 virions were purified from 5 litres of a 
culture supernatant from a CEM line infected with a ROD 
isolate. A first strand of cDNA was synthesized in con- 
tact with sedimented purified virus, in the presence of 
ar. oligo(dT) initiator and employing an endogenous reac- 
tion activated by a detergent, according to the techni 
que described by Alizon et al . , Nature 312 . 757-760 
(1984). The RNA/cDNA hybrids were purified by extraction 
with a phenol /chloroform mixture and by precipitation 
with ethanol . The second strand of cDNA was produced in 
the presence of DNA polymerase I/RNAse H, according to 
the method described by Gubler and Hoffman ( ). The 
description in this paper is considered to be incorpo- 
rted herein by reference. 

The double-stranded cDNA was provided with 
blunt ends in the presence of DNA polymerase T4, using 
the constituents of a cDNA synthesis kit marketed by 
AMERSHAM . 
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EcoRI adaptors (linker), marketed by PHARMACIA 
were attached to the end of the cDNA ; the cDNA thereby 
modified was inserted, after digestion in the presence 
of EcoRI, into a dephosphorylated phage vector M13tg130 
which was itself digested with EcoRI, also marketed by 
AMERSHAM . A cDNA band was obtained after transformation 
of E.coli strain TG1 . Recombinant plaques (10 4 ) were 
screened in situ on filters permitting replicas by hy- 
bridization with the clone J19 containing the 1 . 5 kb 
Hindlll fragment mentioned above, originating from HIV- 
1 . 

The filters were prehybridized in the presence 
of a medium containing 5 X SSC, 5 X DENHARDT solution, 
25\ formaldehyde and denatured salmon sperm DNA (100 
micro-grammes/ml) , at 37*C for 4 hours, and then hybri- 
dized for 16 hours in the same buffer (Tm -42'C) in the 
presence of additional labelled probe (4 x 10 7 cpm) , to 
provide a final hybridization buffer solution containing 
10 cpm/ml. 

Washing was carried out with a 5 X SSC, 0.1% 
SDS solution at 25*C for 2 hours (it being understood 
that 20 X SSC corresponds to a 3 M NaCl and 0.3 M sodium 
citrate solution). The plaques which responded positive- 
ly were purified and the M13 single-stranded DNAs were 
prepared and 1-hoir ends sequenced according to the me- 
thod of Sanger et al. 

Hybridization of a DNA of ceils i nf w j t h HTV-* and 

HXV-2 and of RNAs of H IV- 1 . htv-2 and of ?IV virions. 

respectively, with a prob* derived from a ,-loned cDNA of 
HIV-2 . 

The DNAs were extracted from infected CEM 
cells continuously producing HIV-1 and HIV-2, respecti- 
vely. DNA samples of these two retroviruses, digested in 
some cases with 20 M g of £stl , and undigested in other 
cases, were subjected to electrophoresis on 0.8\ agarose 
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gel and transferred by the "Southern" method to a nylon 
membrane. Small volumes of infected supernatant, taken 
up in an NTE buffer containing 0.1°, of SDS and having 
the same reverse transcriptase activity, were deposited 
on nitrocellulose which had been soaked beforehand in a 
2 X SSC solution. 

A prehybridization was carried out in a solu- 
tion containing 50\ of formamide, 5 X SSC, 5 X Denhart 
and 100 mg/ml of denatured salmon sperm DNA, for 4 hours 
at. 42*C. A hybridization was performed in the same buf- 
fer, to which 10% of dextrai. sulphate and 10 6 cpm/ml of 
E2 labelled insert (specific activity 10 cpm/pg) had 
been added, for 16 hours at 42 *C. Two washings were then 
carried out with a 0.1 X SSC, 0.1% SDS solution for 30 
min each. After exposure for 16 hours to an intensifying 
screen, the Southern spot is dehybridized in 0.4 N NaOH, 
neutralized, and rehybridized under the same conditions 
with the HIV-1 probe labelled with ",0 9 cpm/pg. 
EXAMPLE III 

Cloning in phage lambda of the complete DNA of the HIV- 2 
provirus 

The DNA of CEM cells infected with HIV- 2 ROD 
(figure 2, bands a and c) is partially digested with 
Sau3AI. The 9-15 kb fraction was selected on a 5-40% 
sucrose gradient and ligared to the BamHI arm of the 
lambda L47 . 1 vector. The plaques (2 x 10 6 ) obtained 
after in vitro packaging and deposition on E. col i strain 
LA 101 were screened in situ by hybridization with the 
insert of the E2 cloned cDNA. Approximately 10 positive 
clones were purified on plaques and propagated in E . col i 
C600 recBC. The clones lambda ROD 4, ROD 27 and ROD 35 
were amplified, and their DNAs characterized by drawing 
up their restriction maps and by hybridization by Sou- 
thern's method with the cDNA. clone of HIV-2 under strin- 
gent conditions and with the gag-pol probes of HIV-1 



under non- stringent conditions. 

Figure 8 shows schematically the structures of 
3 of the recombinant phages obtained, ROD 4, ROD 27 and 
ROD 35. 

The elongated rectangular portions of these 
diagrams correspond to proviral sequences originating 
from the DNAs of the initially infected CEM cells, the 
clear portions corresponding to retroviral sequences, 
the shaded portions to portions of cellular DNAs and the 
black portions to the LTR in the said viral sequences. 

The thin lines designated by the letters L and 
R correspond to the arms originating from the Lambda 
L47.1 phage vector which was used for the cloning. 

Some of the restriction sites have also been 
indicated : these are, more especially, the following 
sites : B : BamHI ; E : EcoRI ; H : Hindlll ; K : K^nl ; 
PS : PstI ; Pv : PvuII ; S : Sac I ; X : Xbal . 

These viral sequences have portions in common 
with the E2 sequence. The relative positions of these 
portions, determined by hybridization with E2 , are also 
seen in the figures. 

ROD 4 is derived from a circular viral DNA. 
ROD 27 and ROD 35 are derived from proviruses integrated 
in a cellular DNA structure. 

Lastly, the inserts subcloned under the condi- 
tions described above, and their relative positions with 
respect to the corresponding ROD 4, ROD 27 and ROD 35 
sequences, are shown in these figures. 

These are, more especially, the inserts of 
plasmids pROD 27-5', pROD 35-3', pROD 4.6, pROD 4.8 and 
pROD 4.7. 

Figure 9 is a representation of the relative 
intensities of the hybridization spots which were pro- 
duced between ROD-4 and sub-fragments 1 to 1 1 origina- 
ting, respectively, from the different portions of a 
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single-stranded DNA originating from an M13 subclone 
containing a nucleic acid derived from the whole LAV 
genome. The relative positions of these various frag- 
ments with respect to the whole LAV genome (determined 
by sequencing) are shown at the bottom of the figure. 
Point 12 corresponds to a control spot produced using a 
control DNA of the phage lambda. 

The hybridization experiments in the spot 
transfer (dot blot) method were carried out under the 
low stringency conditions of Example IT using, by way of 
a probe, the lambda ROD 4 recombinant containing the 
total cDNA of HIV-2. The washings were then carried out 
successively under the following conditions : 2 X SSC, 
0.1* SDS at 25'C (Tm-42'C), 1 X SSC, 0.1* SDS at 60 # C 
(Tm-20*C) and 0.U x SSC, 0.1°b SDS at 60*C (Tm-3 # C). 

The spots shown were obtained after radiogra- 
phic exposure overnight. 
EXAMPLE IV 

In vitro diagnostic t est for the presence of HIV-2 virus 
in a biological medium 
MATERIAL AND METHODS 
Patients 

HIV-2-inf ected patients were recruited among 
individuals visiting the Egas Moniz Hospital in Lisbon 
either for hospitalization or for consultation, between 
September 1985 and September 1986. For \his selection, 
all individuals of African origii.- or having stayed in 
Africa underwent a serum test for antibodies against 
both HIV-1 (Immunofluorescence -IFA- and/or ELISA) and 
HIV-2 (IFA). Only those patients who were proved serolo- 
gically to be infected with HIV-2 were included in the 
study . 

Virus isolation 

In 12 patients, HIV isolation was attempted as 
previously described. Briefly, the patients' peripheral 
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blood lymphocytes (PBL) were stimulated with PHA, co- 
cultured with normal human PHA-s t imulated PBLs and main- 
tained in the presence of inter leukin -2 (IL-2). Cultures 
were monitored for the presence of cytopathic effect 
(CPE) and for reverse transcriptase (RT) activity in the 
supernatant . 

Immunofluorescence assay (IFA) 

IFA slides were prepared as follows : HIV-- 
infected MOLT-4 cells were washed twice in PBS and laye- 
red onto IFA glass slides (10 4 cells/well), air dried 
and fjxed with cold acetone. For IFA these cells were 
reacted with a 1/10 dilution of the test serum for 45 
minutes at 37'C, washed, dried, and reacted with a fluo- 
rescein-con jugated goat antihuman IgG, A, M (1/100 di- 
luted) for ?0 minutes at 37*C. After washing, cells were 
counterstained in 0.006\ Evans blue, mounted in 30% gly- 
cerol, 10°i PBS and examined under a fluorescence micro- 
scope . 
ELI SA 

Some patients' sera were examined for antibo- 
dies to HIV-1 using the commercially available serum 
tests ELAVIA (Pasteur Diagnostics) or ABBOTT. 
Radioimmunoprecipitation assay (RIPA) 

HIV-1 or HIV-2 infected CEM cells were cul- 
tured in the presence of ;35 s cysteine (200 microCi/ml) 
for 16 hours. The supernatant was collected, viral par- 
ticles were pelleted and lysed in RIPA buffer (Tris-HCL 
50 mM pH 7.5, NaCl 150 mM, EDTA 1 mM, 1°o Triton X100, 
sodium deoxycholate 0.1°*, SDS 0.1 ? o). For each reaction, 
50 microlitres of a dilution of lysate corresponding to 
10 cpm was reacted with 5 microlitres of test serum foi- 
ls hours at 4*C. Immune complexes were bound to Sepha- 
rose-protein A (PHARMACIA), washed, and eluted by boi- 
ling for 2 minutes. Eluted antigens were then analysed 
by SDS-polyacryl-amide gel electrophoresis and autora- 
diography. 
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Dot-blot hybridization 

Virus isolated from patients' PBLs were pelle- 
ted and lysed in Tris-HCL 10 mM pH 7.5, NaCl 10 mM, EDTA 
1 mM, SDS 0.5V One microlitre of each lysate, corres- 
ponding to 50.000 cpm of RT activity, was deposited onto 
nitro-cellulose . Hybridization and washing w«?ro conduc- 
ted in high stringency conditions : hybridization in 
6 X SSC, 5 X Denhart, 5C°o formamide, for 18 hours at 
42 # C ; and washing in 0.1 X SSC, 0.1°* SDS at 65 # C. w. 
used HIV-1 and HIV-2 probes, 32 P labelled to a specifj 
activity of 10 cpm/microgram . The HIV-1 probe corres- 
ponds to the complete genome of the LAV__ M isolate, and 
HIV-2 probe was derived from a 2 kilobases cDNA clone 
15 from LAV-2 R0D isolate. 
RESULTS 

Patient population 

Thirty patients with serological and/or viro- 
logic evidence of HIV-2 infection were studied. They 
were 12 males and 18 females. The mean age was 35, ran- 
ging 11-55. All patients, except one, have stayed for 
several years in West Africa : 26 were born and living 
in Guinea-Bissau and 2 were originating from the Cape 
Verde Islands. One patient was an 11 -year old boy from 
Angola who had lived in the Cape Verde islands for se- 
veral years. The only European in the study population 
was a 40 year-old Portuguese man who had lived for 8 
years in Zaire, and denied any stay in West Africa. 
Clinical presentation 

Among the 30 patients 17 had AIDS, according 
to the CDC criteria. The major symptom in these patients 
was chronic diarrhoea, together in most cases with a 
weight loss of more than 10 kilograms in a year. In 10 
patients the diarrhoea was found to be associated with 
the presence of an intestinal opportunistic infection ; 
in 7 cases the pathogen was Isospora belli alone, one 
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patient had Cryptosporidium alone and 2 had both patho- 
gens. In 3 cases no opportunistic intestinal pathogen 
was found. Among all 17 AIDS cases, oesophageal candi- 
diasis was diagnosed in 8. Six AIDS patients had res- 
piratory symptoms. Pulmonary tuberculosis was diagnoses 
in 2 and another unidentified mycobacter ium was found in 
one. Two patients had pulmonary aspergillosis, one fol- 
lowing a tuberculosis. Two other AIDS patients had 
recurrent episodes of pneumonitis with no pathogen iden- 
tified, and one patient had Pneumocystis carinii pneu- 
monia, which was only diagnosed post-mortem. Four of the 
17 AIDS patients had Kaposi's sarcoma : in 3 cases it 
appeared limited to the skin, and in one patient post- 
mortem examination revealed disseminated visceral le- 
sions. Central nervous system disorders were found in 2 
AIDS patients : one had cerebral lymphoma, and the other 
had subacute encephalitis of unknown cause. 

Four patients were presenting with the sym- 
ptoms of the AIDS-related complex (ARC) : two had dif- 
fuse lymphadenopathy with persistent fever, one had 
chronic diarrhoea with weight loss, and one had recur- 
rent episodes of bronchopneumonia and multiple lympha- 
denopathies . 

Among the 9 remaining patients, 6 had no sym- 
ptoms_ that could be considered as related to HIV in- 
fection, one had pulmonary tuberculosis alone, one had 
persistent diffuse lymphadenopathy alone, and one pre- 
sented with neurologic syphillis. During the 12 months 1 
period of the study 7 patients died, all presenting with 
AIDS. 

Serological studies 

Each patient had at least one serum test for 
antibodies to both HIV-1 and HIV-2. All patients* sera 
were tested by I FA for antibodies to HIV-2, and all were 
positive. Among, them, 21 were also tested for antibodies 
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to HIV-2 by RIPA : all clearly precipitated the high- 
molecular weight envelope glycoprotein of the virus, 
termed gp 140, and 16 of them also reacted with the 
major core protein p26, whereas only one reacted with 
another viral core protein, termed p16. 

The sera were evaluated for the presence of 
cross -reacting antibodies to HIV 1 using different as- 
says. An IFA test was used in 24 sera : 12 were nega 
tive, 10 were weakly reactive, and 2 were positive. In 
ELISA, 21 were tested : 16 were negative, and 5 were po- 
sitive. Finally, 11 sera were tested for antibodies to 
HIV-1 proteins by RIPA. Three failed to react with any 
viral protein, 2 only precipitated the pol gene product 
p34, and 5 reacted with the major core protein p25. Two 
sera reacted only faintly with the envelope glycoprotein 
gp 110 of HIV-1. These two sera, and all sera with posi- 
tive IFA or ELISA tests for antibodies to HIV-1, had a 
strong reactivity with the gp 140 of HIV-2 in RIPA, in- 
dicative of infection with HIV-2 rather than with HIV-1. 
Only one patient, that we did not include in the study 
population, was serologically found to be infected with 
HIV-1 and not with HIV-2. This patient was a 21-year-old 
woman from Central Africa (Sao Tome Islands) with AIDS. 
Virus isolation 

Isolation of retroviruses from peripheral 
blood lymphocytes was attempted in 12 patients. HIV was 
isolated in 11, according to the presence of a typical 
cytopathic effect, and of a peak of particle-associated 
reverse transcriptase activity in the culture superna- 
tants . 

All 11 isolates were identified as HIV-2 using 
a dot-blot hybridization technique. Viral dots from 10 
isolates were found to strongly hybridize in stringent 
conditions of hybridization and washing with a HIV-2 
probe derived from a cloned HIV-2 cDNA, whereas none of 
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them hybridized with a HIV- 1 probe in the same condi- 
tions. One isolate only faintly hybridized with the 
HIV-2 probe, but it failed to hybridize with the HIV-1 
probe . 

Immunological evaluation 

Thirteen patients were evaluated for the num- 
ber of circulating lymphocytes identified as helper T 
cells (CD4+) and the ratio of hel per : supi ossor T cells. 
Among these patients, 11 had AIDS : their mean absolute 
helper T ceils count was 243 + 300/mi croli tre and their 
mean helper : suppressor ratio was 0.25 + 0.15. One 
patient, clinically presenting with ARC, had a number of 
helper T lymphocytes of 240/microlitr e and a ratio of 
0.18. Another patient, with neurological syphillis and 
no evident HIV-related symptom, had a helper T lympho- 
cyte count of 690/microlitre and a ratio of 0.82. 
DISCUSSION 

In this study, we demonstrated HIV-2 infection 
in 30 West African patients presenting either with AIDS , 
ARC or with no apparent HIV-related symptoms. The re- 
sults nevertheless permit the conclussion that* HIV-2 
must be considered to be a major aetiological agent of 
AIDS in West African patients. The serological and vi- 
rologic profiles that we observed indicate thai HIV- 2 
infection was not often associated with HIV-1 infection 
in our patients. Despite important antigenic and genetic 
differences, HIV-1 and HIV-2 display similar tropism for 
CD4+ T lymphocytes, similar cytopathic effects, similar 
morphology, and share common immunoreactive epitopes in 
some of their constitutive proteins. Since all West 
African patients with HIV infection in this study were 
found to be infected with HIV-2 and none of them with 
HIV-1, the new virus HIV-2 may be the major cause of 
AIDS in West Africa. 

The symptoms of HIV-2-related AIDS were not 
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different from those of HIV-1 related AIDS in Central 
Africa : The most common symptom was chronic diarrhoea, 
with important weight loss, mostly due to Isospora belli 
and/or Cryptosporidium. The frequency of other opportu- 
nistic infections, such as candidiasis, mycobacteria 
(including M. tuberculosis ) and toxoplasmosis was found 
comparable to that in HIV-1 - related African AIDS. Pneu- 
mocystis carinii pneumonia, a very common complication 
of AIDS in the USA and Europe, has only been found once 
in our study, and cryptococcal meningitis was not de- 
tected . 

Nevertheless, the immunological abnormalities 
found in HIV- 2-inf ected AIDS patients are identical to 
those described in HIV- 1 -related AIDS. 

Among the 30 patients, who all had serum anti- 
bodies reactive with HIV-2 antigens, only 7 had HIV-1 
specific antibodies detectable using IFA or ELISA. In 
RIPA, all of these 7 patients had antibodies reactive 
with the other major core proteins p25 (HIV-1) or p26 
(HIV-2), which share strongly immunoreactive epitopes. 
Five patients lacked such antibodies all 5 had a ne- 
gative HIV-1 ELISA. IFA Wc:r. borderline in 3 and negative 
in 2. However, although some of them were not completely 
evaluated, we found 9 patients with serum antibodies to 
the viral core protein p26 of HIV-2 who had a weakly 
reactive or negative HIV- 1 -specif ic IFA and/or ELISA. 
These findings point to the importance of including 
HIV-2 antigens in the HIV serum tests used in Africa and 
perhaps in other areas. 

A retrovirus was isolated from the peripheral 
lymphocytes of 11 patients. In all cases, viral growth 
was obtained within 2 weeks, characterized by the 
presence of reverse transcriptase activity in the 
culture supernatant and of cytopathic effect. However, 
this cytopathic effect appeared to vary in importance 
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from one isolate to another: some isolates provided 
numerous large sized syncytia together with important 
cell lysis, whereas others exhibited only few syncytia 
of limited size, and affected poorly the viability of 
the culture. 

RNA from all but one isolate was found to 
clearly hybridize in high stringency conditions with a 
prove derived from a HTV-2 cDNA clone, representing the 
3* end of the genome. None hybridized with a HIV-1 prove, 
in the same conditions. This demonstrates that the 
isolates infecting these patients all belonged to the 
same type of virus. One isolate only poorly hybridized 
with HIV-1. This virus, however, was isolated from a 
patient with serum antibodies reacting with all the 
antigens of HIV- 2 in RIPA. 

This invention relates generally, in addition 
to HIV-2 virus its variants, to any equivalent virus 
which is infectious for man and possesses immunological 
characteristics specific to HIV-2. The invention relates 
generally to any virus which, in addition to the 
properties possessed by the HIV-2 viruses deposited with 
the CNCM, also possesses the characteristics which 
follow . 

The preferred target for the HIV-2 retrovirus 
consists of human Leu 3 cells (or T4 lymphocytes) and 
and "immortalized" cells derived from these T4 
lymphocytes, for example cells of the HUT 78 lines dealt 
with in the context of this patent application. In other 
words, it has a specific tropism for these cells. It can 
be cultured in permanent lines of the HUT, CEM, MOLT or 
similar type, expressing the T4 protein. It is not 
infectious for T8 lymphocytes. It is cytotoxic for the 
human T4 lymphocytes. The cy topathogenic nature of HIV-2 
viruses with respect to T4 lymphocytes manifests itself, 
in particular, by the appearance of multinucleated 
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cells. It has a reverse transcriptase activity which 
requires the presence of Mg" ions and has a strong 
affinity for polyadeny lat e o] igodeoxy thymidy late 

(poly ( A) -oligo(dT) 12-18). It has a density of appro- 
ximately 1.16 in a sucrose gradient. It has a mean 
diameter of 140 nanometres and a core having a mean 
diameter of 4 1 nanometres. The lysates of this virus 
contain a p26 protein which does not cross immunolo- 
gically with the p24 protein of HTLV-1 virus or HTLV-II 
virus. These p26 proteins hence have a molecular weight 
which is slightly higher (by approximately 1000) than 
the corresponding p2 r ; proteins of HIV-1 and slightly 
lower (again, of the order of approximately 1000 lower) 
than the corresponding p27 proteins of the SIV. The 
lysates of HIV-2 contain, in addition, a p16 protein 
which is not immunologically recognized by the p19 
protein of HTLV-1 or of HTLV-II in RIPA (abbreviation 
for radioimmunoprecipitation assay) experiments. They 
contain, in addition, an envelope glycoprotein having a 
molecular weight of the order of 130,000 - 140,000, 
which does not cross immunologically with the gp 110 of 
HIV-1 but which, on the other hand, crosses 
immunologically with the gp 140 envelope glyco- protein 
of STLV-III. These lysates also contain proteins or 
glycoproteins which can be labelled with (" S)cysteine, 
having molecular weights, respectively, of the order of 
36,000 and 42,000 - 45,000. The genomic RNA of HIV-2 
does ~not hybridize with the genomic RNA of HIV- 1 under 
stringent conditions. Under non-stringent conditions, it 
does not hybridize with nucleotide sequence derived from 
HIV-1 and containing the env gene and the LTR adjacent 
to it. In particular, it does not hybridize with the 
nucleotide sequence 5290-9130 of HIV-1, nor with 
sequences of the pol region of the HIV-1 genome, in 
particular with the nucleotide sequence 2170-2240. under 
non-stringent . conditions, it hybridizes weakly with 
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nucleotide sequences of the HIV-1 region, in particular 
the nucleotide sequences 990-1070 and 990-1260. 

It should be noted that any retrovirus which 
is infectious for man, capable of inducing one of the 
forms of AIDS, having the abovement ioned essential 
properties and whose genomic RNA is capable of 
hibridizing under stringent conditions with those HIV-2 
viral strains deposited with the CNCM (or with a cDNA oi 
cDNA fragment derived from these genomic RNAs) is to be 
considered to be an equivalent of HIV-2. 

The invention also relates to ^ach of the 
antigens, in particular proteins and glycoproteins in 
the purified state, such as may be obtained from HIV-2. 
Reference to "purified" proteins or glycoproteins 
implies that these proteins or glycoproteins lead, 
respectively, only to single bands in polyacry lamide gel 
electrophoresis, in particular under the experimental 
conditions which have been described above. Any suitable 
method of separation and/or purification for obtaning 
each of these can be used. By way of example of a 
technique which can be employed, that describes by R.C. 
M0NTELAR0 et al . , J. of Virology, June 1982, pp. 
1029-1038, will be mentioned. 

The invention relates generally to all 
antigens, in particular proteins, glycoproteins or 
polypeptides, originating from an HIV-2 and having 
immunological properties equivalent to those of these 
antigenic compounds of HIV-2. Two antigens are said to 
be "equivalent", in the context of this account, 
inasmuch as they are recognized by the same antibodies, 
in particular antibodies which can be isolated from a 
serum obtained from a patient who has been infected with 
an HIV-2, or inasmuch as they meet the conditions for 
"immunological equivalence" stated below. 
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Among equivalent polypeptides, proteins or 
glycoproteins, there must be included fragments of the 
above antigens (or peptides reconstituted by chemical 
synthesis), inasmuch as they give rise to immunological 
cross-reactions- with the antigens from which they are 
derived. In other words, the invention relates to any 
polypeptide which has, in common with abovementioned 
antigens, identical or similar epitopes capable of being 
recognized by the same antibodies. F ^longing to this 
latter type of polypeptides are the products of 
expression of corresponding sequences of the DNAs which 
code for the corresponding polypeptide sequences. 

The HIV-2 virus has proved to be usable as a 
source of antigens for detecting antibodies in all 
people who have come into contact with the HIV-2 virus. 

The invention relates generally to any 
composition which can be used for the diagnosis of the 
presence in a biological fluid serum, in particular of 
people who have come into contact with HIV-2, of 
antibodies against at least one of the antigens of 
HIV-2'. This composition can be applied to the selective 
diagnosis of the corresponding variety of AIDS, em- 
ploying diagnostic techniques such as those described in 
the European patent application cited above, except that 
eXT8a4no , lysates or purified antigens of HIV-2 are 
used instead of those of HIV-1. In this connection, the 
invention relates more especially to compositions 
containing at least one of the proteins p12, p16, p26, 
which are the internal proteins, or p36 or gp 140. By 
way of examples of compositions, those which simulta- 
neously contain the following will be mentioned. 

p26 and gp 36 

p26, p36 and gp 140, 

p12, p16 and p26, - 

p16 r p26 and gp 140, etc. 
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it is self-evident that these compositions 
signify only examples. In particular, the invention 
relates to the viral extracts or lysates containing this 
group of proteins and/or glycoproteins or all fractions 
from which one or more of the abovement ioned proteins or 
glycoproteins has been separated beforehand. 

The invention also relates to compositions 
containing a combination of proteins and/or 
glycoproteins of an HIV-2 with proteins and/or 
glycoproteins of an HIV-1, for example: 

either core proteins of HIV-1 and HIV-2, in 
particular the p25 of an HIV-1 and p26 of an HIV-2, or 
alternatively the p18 of an HIV-1 and the p16 of an 
HIV-2, 

or envelope glycoproteins of an HIV- 1 and 
envelope glycoproteins of an HIV-2, in particular the 
gp 110 of HIV-1 and the gp 140 of HIV-2, or alternati- 
vely the p42 of HIV-1 and the p36 or p42-45 of HIV-2, 

or, of course, mixtures of proteins and/or 
glycoproteins of an HIV-1 and proteins and/or glycopro- 
teins of and HIV-2. 

Such compositions, used for diagnosis, 
consequently make possible procedures for diagnosis of 
AIDS or of the symptoms which are associated with it, 
which extend over a wider spectrum of the aetiological 
agents responsible. It goes without saying that the use 
for diagnostic procedures of compositions which contain 
only proteins and/or glycoproteins of HIV-2 is 
nevertheless useful for more selective diagnosis of the 
category of retrovirus which can be held responsible for 
the disease. 

The invention also relates to the DNAs or DNA 
fragments, more especially cloned DNAs and DNA frag- 
ments, obtained from the RNA and cDNAs derived from the 
RNA of the HIV-2 retrovirus. The invention also 
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relates especially to all equivalent DNAs, in particular 
any DNA possessing sequence homologies with the DNA of 
HIV-2, especially with the sequences which code for the 
env and pol _ regions of the strain of HIV-2 deposited 
with the CNCM, equal at least to 50 %, preferably to 
70 % and still more advantageously to 9C \. It will also 
be stated generally that the invention relates to any 
equivalent DNA (oi RNA) capable of hybridizing with the 
DNA or RNA of HIV-2 in the "spot blot" technique, under 
non— stringent conditions as defined above. 

The invention likewise relates to the sera 
capable of being produced in animals by inoculating the 
latter with HIV-2. The invention hence relates more 
especially to the polyclonal antibodies directed more 
specifically against each of the antigens, in particular 
proteins or glycoproteins, of the virus. It also relates 
to the monoclonal antibodies which can be produced by 
traditional techniques, these monoclonal antibodies 
being directed, respectively, more specifically against 
the different proteins of HIV-2. 

These polyclonal or monoclonal antibodies can 
bt used in different applications. Their use for neutra- 
lizing the corresponding proteins, or even inhibiting 
the infectivity of the whole virus, will mainly be 
mentioned. They can also be used, for example, for 
demonstrating the viral antigens in biological 
preparations or for carrying out procedures for 
purification of the corresponding proteins and/or 
glycoproteins, for example by using them in affinity 
chromatography columns . 

It is understood that, in general, the 
available technical literature (in particular that for 
which the bibliographic references are in the context of 
the present description) in respect of HIV-1 and the 
virus designated HTLV-III is to be considered to be 
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incorporated herein by reference, inasmuch as the 
techniques described in this literature are applied 
under similar conditions to the isolation of HIV-2 virus 
or of the equivalent viruses, and to the production from 
these viruses of their different constituents (in 
particular proteins, glycoproteins, polypeptides and 
nucleid acids). Use can also be made of the teachings of 
this technical literature as regards the application of 
the different constituents in question, ;n particular to 
diagnostic procedures of the corresponding forms of LAS 
or AIDS . 

The present invention relates more especially 

to a method for in vitro diagnosis of AIDS, which 

comprises bringing a serum or another biological medium 
originating from a patient who is the subject of the 
diagnosis into contact with a composition containing at 
least one of the proteins or glycoproteins of HIV-2, or 
alternatively an extract or lysate of the virus, and the 
detection of the immunological reaction. Examples of 
such compositions have been stated above. 

Preferred methods invo've, for example, immu- 
noenzymatic reactions of the ELISA or immunofluorescence 
type. The titrations can be measurements by direct or 
indirect immunof lueorescence , by direct or indirect 
immunoenzymatic assays. 

Thus, the present invention also relates to 
extracts of virus (either an extract of one or more 
HIV-2 viruses alone, or a mixture of extracts origina- 
ting from one or more HIV-2 viruses, on the one hand, 
and one or more HIV- 1 viruses, on the other hand), these 
extracts being labelled. Any suitable type of label can 
be used : enzymatic, fluorescent, radioactive and the 
like. 

Such titrations comprise, for example : 
the deposition of specified amounts of the 
extract or of- the. composition referred to according to 



10 



15 



20 



25 



30 



35 



52 

the present invention in the wells of a microtitration 
plate ; 

introduction into these wells of increasing 
dilutions of serum principally containing the antibodies 
whose presence is to be detected in vitro ; 

the incubation of the microtitration plate ; 

careful washing of the microtitration plate 
with a suitable buffer ; 

the introduction into the wells of the 
microtitration plate of labelled antibodies specific for 
human immunoglobulins, the labelling being carried out 
with an enzyme chosen from those which are capable of 
hydrolysing a substrate in such a way that the latter 
then undergoes a modification of its absorption of 
radiation, at least in particular wavelength band, and 

the detection, preferably in comparative 
fashion relative to a control, of the extent of 
hydrolysis of the substrate, as a measurement of the 
potential risks or of the effective presence of the 
disease. 

The present invention also relates to outfits 
or kits for the above diagnosis, which comprise : 

an extract or a more highly purified fraction 
of the types of virus stated above, this extract or 
fraction being labelled, for example radioactively , 
enzymat ically or by immunofluorescence ; 

anti- (human immunoglobulins) or a protein A 
(advantageously, bound to a support which is insoluble 
in water, such as agarose beads) ; 

an extract of lymphocytes obtained from a 
person in good health ; 

buffers and, where appropriate, substrates for 
the visualization of the labelling. 

It emerges from the foregoing that the 
invention relates to the diagnosis of HIV-2 virus, or of 
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a variant, as a result of the use of the probes 
described above, in a method employing different stages 
recorded below, these stages being arranged specifically 
to bring out the characteristic properties of the HIV- -2 
virus . 

The invention naturally also relates to the 
use of the cDNAs or their fragments (or recombinants 
containing them) as probes for the diagnosis of the 
presence or absence of HIV-2 virus in samples of serum 
or of other biological fluids or tissues obtained from 
patients suspected of being carriers of the HIV-2 virus. 
These probes are preferably also labelled (radioactive, 
enzymatic, fluorescent labels, and the like). Especially 
advantageous probes for carrying out the method for 
diagnosis of the HIV-2 virus, or of a variant of HIV-2, 
can be characterized in that they comprise all or a 
fraction of the cDNA complementary to the genome of the 
HIV-2 virus, or alternatively, in . particular, the 
fragments present in the various clones identified 
above. There will be mentioned, more especially, a 
fraction of the cDNA of HIV-2 present in the clone E2, 
more especially the sequence of the 3' end (LTR) and/or 
of the 5* end of the HIV sequence of the abovement ioned 
clone E2, or alternatively the cDNA containing the env 
region, of the cDNA of the HIV-2 virus. 

The probes employed in this method for 
diagnosis of the HIV-2 virus and in the diagnostic kits 
are in no way limited to the probes descziled above. 
They comprise, on the contrary, all the nucleotide 
sequences originating from the genome of the HIV-2 
virus, of a variant of HIV-2 or of a structurally 
related virus, inasmuch as they enable antibodies 
directed against an HIV-2 to be detected in biological 
fluids of people capable of developing one of the forms 
of AIDS. Naturally, the use of nucleotide sequences 
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originating from an HIV- 2 which is initially infectious 
for man nevertheless, prefer red . 

The detection can be carried out in all 
manners known per s e , in particular by bringing these 
probes into contact either with the nucleic acids 
obtained from cells present in these sera or other 
biological media, for example y cerebrospinal fluids, 
saliva, and the like, or with these media themselves 
inasmuch as their nucleic acids have been rendered 
accessible to hybridization with these prober, this 
being under conditions which permit hybridization 
between these probes and these nucleic acids, and by 
detection of the hybridization which may be produced. 



The abovementioned diagnosis, involving hybridization 

A 

reactions, can also be carried out using mixtures of 
probes originating, respectively, from an HIV-1 and an 
HIV-2, insofar as it is unnecessary to differentiate 
between the type of HIV virus sought. 

In general, the method for diagnosis of the 
presence or absence of the HIV-2 virus or a variant, in 
samples of sera or other fluids or tissues obtained from 
patients suspected of being carriers of the HIV-2 virus, 
comprises the following stages : 

1) the manufacture of a labelled probe, 

2) at least one hybridization stage performed 
under stringent conditions, by bringing the DNA of cells 
in the sample from the suspect patient into contact with 
the said labelled probe on a suitable membrane, 

3) washing of the said membrane with a 
solution which provides for the retention of these 
stringent conditions for the hybridization, and 

4) the detection of the presence or absence of 
the HIV-2 virus by an immunodetection method. 

In another preferred embodiment of the method 

according to the invention, the abovementioned 

\ 
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hybridization is performed under non-stringent 
conditions and the washing of the membrane is carried 
out under conditions adapted to those for the 
hybridization. 

The invention relates in particular to HIV-2 
viruses, characterized in that their viral RNA corres- 
ponds with a cDNA whose GAG and ENV genes comprise 
respectively the nucleotidic sequences which follow. 

They result from the sequencing of correspond- 
ing regions of cDNA corresponding to the gepome HIV-2 
Rod. They are in correspondance with the aminoacids that 

A 

they code . 
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MetGlyAlaArgAsnSerValLeuArgGlyLysLysAlaAspGlu 
ATGGGCGCGACAAACTCCGTCTTGAGAGGGAAAAAAGCAGATGAA 

LeuGluArglleArgLeuArgProGljGlyLysLysLysTyrArg 
TTAGAAAGAATCAGGTTACGGCCCGGCCGAAAGAAAAAGTACAGG 

• • - • . 

LeuLysHisIleValTrpAlaAlaAsnLysLeuAspArgPheGly 

CTAAAACATATTGTGTGGGCAGCGAATAAATTGGACAGATTCGGA 
100 . ; 

LeuAlaGluSerLeuLeuGluSerLysGluGlyCysGlnLy slle 
TTAGCAGAGAGCCTGTTCGAGTCAAAAGACGGTTGTCAAAAAATI 

LeuThrValLeuAspProKetVa lProThrGlySerGluAsnLeu 
CTTACAGTTTTAGATCCAATGGTACCGACAGGTTCAGAAAATTTA 

200 . 

LysSerLeuPheAsaThrValCys VallleTrpCys IleEisAla 
AAAAGTCTITTTAATACTGTCTGCGTCATTTGGTGCATACACGCA 

GluGluLys ValLysAspThrGluGlyAlaLysGlnlle ValArg 
GAAGAGAAAGTGAAAGATACTGAAGGAGCAAAACAAATAGTGCGG 
. . 300 

ArgHisLeuValAlaGluThrGlyTbrAlaGluLysMe tProSer 
AGACATCTAGTGGCAGAAACAGGAACTGCAGAGAAAATGCCAAGC 

• " • • • •• . 
ThrSerArgProThrAlaProSerSerGluLysGlyGlyAsnTyr 
ACAAGTAGACCAACAGCACCATCTAGCGAGAAGGGAGGAAATTAC 

• • . 400 
ProValGlnHisValGlyGlyAsoTyrThrHisIleProLeuSer 
CCAGTGCAACATGTAGGCGGCAACTACACCCATATACCGCTGAGT 

• •• • ■•• 
ProArgThrLeuAsnAlaTrpValLysLeuValGluGluLysLys 
CCCCGAACCCTAAATGCCTGGGTAAAATTAGTAGAGCAAAAAAAG 

• . ... . 
PheGlyAlaGluValValProGlyPheGlnAlaLeuSerGiuGly 
TTCGGGGCAGAAGTAGTGCCAGGATTTCAGGCACTCTCAGAAGGC 

500 ... 

CysThrProTyrAspIleAsnGlnMetLeuAsnCysValGlyAsp 
TGCACGCCCTATGATATCAACCAAATGCTTAATTGTGTGGGCGAC 

HisGlnAlaAlaMetGlnllelleArgGluIlelleAsnGluGlu 
CATCAACCAGCCATGCAGATAATCAGGGAGATTATCAATGAGGAA 
600 ... 

AlaAlaCruTYpAspValGlnHisProIleProGlyProLeuPro ' 
GCAGCAGAATGGGATGTGCAACATCCAATACCAGGCCCCTTACCA 

AlaGlyGlnLeuArgGluProArgGlySerAspI leAlaGlyThr 
GCGGGGCAGCTTAGAGAGCCAAGGGGATCTGACATAGCAGGGACA 

700 . 

ThrSerThrValGluGluGlnlleGlnTrplIetPheArgProGlQ 
ACAAGCACACTAGAAGAACAGATCCAGTGGATGTTTAGGCCACAA 
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AsaProValProValGlyAanlleTyrArgArgTrpIleGUilt 
AATCCTCTACCAGTACCAAACATCTATACAAGATCCATCCAGATA 

• • . . 800 . 

CiyLeuGlnLysCysValArgMeCTyrAsnProThrAsnlleLett 
GGATTGCAGAAGTGTGTCACGATGTACAACCCGACCAACATCCTA 

• • • . 
AspIleLysClnGlyProLysGluProPbeGlnSerTyrValAsp 
GACATAAAACAGGGACCAAAGGAGCCGTTCCAAAGCTATGTAGAT 

• • . 900 

ArgPheTyrLysSerLeuArgAlaGluGlnThrAspProAlaVal 
AGATT CTACAAAAGCTTGAGGGCAGAACAAACAGATCCAGCAGTG 

• • • • 
LysAsnTrpMetTbrGlnThrLeuLeuVa lGlnAsnA'laAenPro 
AAGAATTGGATGACCCAAACACTGCTAGTACAAAATGCCAACCCA 

• • . . » 

AspCysLysLeuValLeuLysGlyLeuGlyMetAsnProThrLeu 

•GACTGTAAATTAGTCCTAAAAGGACTAGGGATGAACCCTACCTTA 
1000 . . 

GluGluMetLeuTbrAlaCysClnGly ValGlyGlyProGlyGlo 
GAAGAGATGCTGACCGCCTGTCAGGGGGTAGGTCGGCCAGGCCAG 

LysAlaArgLeuMetAlaGluAlaLeuLysGluVallleGlyPro 

AAAGCTAGATTAATGGCAGAGGCCCTGAAAGAGGTCATAGGACCT 

1100 . . 

AlaProIleProPbeAlaAlaAlaGlnGlnArgLysAlaPbeLya 
GCCCC TATCC CATTCGCAGCAGCCCAGCAGAGAAAGGCATTTAAA 

CysTrpAsnCysGlyLysGluGlyHisSerAlaArgGlnCysArg 
TGCTGGAACTGTGCAAAGGAAGGGCACTCGGCAAGACAATGCCGA 

1200 

AlaProArgArgGlnGlyCysTrpLysCysGlyLysProClyHis 
CCACCTAGAAGGCAGGGCTGCTGGAAGTGTGGTAAGCCAGGACAC 

• • • •• • 
IleHetThrAsnCysProAspArgGlnAlaGlyPheLeuGlyLett 
ATCATGACAAACTGCCCAGATAGACAGGCAGGTTTTTXAGGACTG 

1300 

GlyProTrpGlyLysLysProArgAsnPheProValAlaGlnVal 
GGCCCTTGGGGAAAGAAGCCCCGCAACTTCCCCGTGGCCCAAGTT 

• • • . . 
ProGlnGlyLeuThrProThrAlaProProValAspProAlaVa'l 
CCGCAGGGGCTGACACCAACAGCACCCCCAGTGGATCCAGCAGTG 

• • • ■ • 

AspLeuLeuGluLysTyrMetGlnGlnGlyLysArgGlnArgGlu 

GATCTACTGGAGAAATATATGCAGCAAGGGAAAAGACAGAGACAG 
1*00 . . 

GlnArgGluArgProTyrLysGluValThrGluAspLeuLeuHit 
CAGAGAGAGAGACCATACAAGGAAGTGACAGAGGACTTACTGCAC 

LeuGluGlnGlyGluTbrProTyrArgGluProProThrCluAsp 
CTCGAGCAGGGGGAGACACCATACAGGGAGCCACCAACAGACGAC 
- . 1500 > . . . 

LeuLeuHisLeuAsnSerLeuPheGlyLysAspGln 
TTGCTGCACC TCAATTCTCTCTTTGGAAAAGACCAG 



• - • 
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ENV&B 



MetMetAsnGlnLeuLeuIleAlalleLeuLeuAlaSerAlaCys 
ATGATGAATCAGCTCCTTATTGCCATTTTATTAGCTAGTGCTTGC 

5 # • • • 

LeuValTyrCysTtarGlnTyrValThrValPheTyrGlyValPro 
ITAGTATATTGCACCCAATATGTAACTGTTTTCTATGGCGTACCC 

• • • • • 
ThrTrpLysAsnAlaThrl lePr oLeuPheCy sAlaThrArgAsn 
ACGTGGAAAAATGCAACC ATTCCCCTCTTXTGTGCAACCAGAAAT 

100 • 
ArgAspThrTrpGlyThrlleGlnCysLeuProAspAsnAspAsp 
10 AGGGATACTTGGGGAACCATACAGTGCTTGCCTGACAATGATGAT 

• »- • • • 
TyrGlnGluIleTbrLeuAsnValThrCluAlaPheAspAlaTrp 
TATCAGGAAATAACTTTGAATGTAACAGAGGCTTTTGATGC ATGG 

200 . . 

AsnAsnTbrVa lTbrGluGlaAlalleGluAspValTrpHisLeu 
AATAATACAGTAACAGAACAAGCAATAGAAGATGTCTGGCATCTA 

PbeGluTbrSerlleLysProCysValLysLeuTbrProLeuCys 
TTCGAGACATCAATAAAACCATGTGTCAAACTAACACCTTTATGT 

300 

ValAlaMe tLysCysSer SerTbrGluSe rSerTbrC lyAsnAsn 
CTAGCAATGAAATGCAGCAGCACAGAGAGCAGCACAGGGAACAAC 

• • • • • 
ThrTbrSerLysSerThrSerTbrThrThrTbrTbrProTbrAsp 

20 ACAACC TCAAAGAGCACAAGCACAACCACAACCACACCCACAGAC 

■ . . . 400 

GlnGluGlnGluIleSerGluAspThrProCysAlaArgAlaAsp 
CAGGAGCAAGAGATAAGTGAGGATACTCCATGCGCACGCGCAGAC 

• • • ♦ • 
AsnCysSerGlyLeuGlyGluGluGluTbrlleAsnCysGlaPbe 
AACTGCTCAGGATTGGGAGAGGAAGAAACGATCAATTGCCAGTTC 

25 * * # 

A3nMe ClbrGlyleuGluArgAspLysLy sLysGlnTyrAsnGlu 

AATATGACAGGATTAGAAAGAGATAAGAAAAAACAGTATAATGAA 

500 . 
ThrTrpTyr SerLy sAspVa IValCy sG lulhr AsnAsnS erThr 
ACATGGTACTCAAAAGATGTGGTTTGTGAGACAAATAATAGCACA 

• • • 

AsnClnTbrClnCy sTyrMe tAs nEi sCy s AsoTbrSerVa llle 
30 AATCAGACCCAGTGTTACATGAACCATTGCAACACATCAGTCATC 
. * 600 • • 

ThrGluSerCysAspLysEisTyrTrpAspAl a I leArgPbeArg 
ACAGAATCATGTGACAAGCACTATTGGGATGCTATAAGGTTTAGA 

%. • • • 

TyrCy sAlaProProG lyTyrAlaLeuLeuArgCysAsnAspThr 
TACTGTGCACCACCGGGTTATGCCCTATTAAGATGTAATGATACC 
„ ^ ^ 700 

" AsnTyrSerCiyPbeAlaProAsnCysSerLysValValAlaSer 
AATTATTCAGGCITTGCACCCAACTCTTCTAAACTAGTACCTTCT 
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ThrCysThrArgMetMetGluThrGlnThrSerThrTrpPheGly 
ACATGCACC AGGATGATGGAAACGCAAACTTCCACATGGTTTGGC 

800 

PheAsnGlyThrArgAlaGluAsnArgThrTyrI leTyrTrpHit 
TTTAATGGCACTAGAGCAGAGAATAGAACATATATCTATTGGCAT 

• • • • 

ClyArgAspAsnArgThrllelleSerLeuAsnLysTyrTyrAso 
GGCAGAGATAATACAACTATCATCAGCTTAAACAAATATTATAAT 

• 900 

LeuSer-LeuHisCysLy sArgProGlyAsnLy sThrValLy sGla 
CTCAGTTTGC ATTGTAAGAGGCCAGGGAATAAGACAGTGAAACAA 

• • • • 

I leNe tLeuMe tSerGlyHis ValPheHisSerHisTyrGlaPro 
ATAATGCTTATGTCAGGACATGTGTTTCACTCC CAC TACCAGCCG 



HeAsnLysArgProArgGlaAlaTrpCysTrpPheLysGlyLys 
ATCAATAAAAGACCCAGACAAGCATGGTGCTGGTTCAAAGGCAAA 

1000 • . • 

TrpLy sAspAlaMetGluG luVa ILysThrLeuAlaLy sHiaPro 
15 TGGAAAGACGCC ATGCAGGAGGTGAAGACCC TTGCAAAACATCCC 

• • • • • 
£rgTyr ArgG lyThrAsnAspTbrArgAsnlleSe rPheAl a Ala 
AGGTATAGAGGAACCAATGACACAAGGAATATTAGCTTTGCAGCG 

1100 . • 

FroGlyLy sG lySerAspProG luVa iAlaTyrMe t Tr pThrAsa 
CCAGGAAAAGGCTCAGACCCAGAAGTAGCATACATGTGGACTAAC 

20 Cy sAr gGlyGluPheLeuTyrCysAsaMetThrTrpPheLeuAsa 

IGCAGAGGAGAGTTTCTCTACTGCAACATGACTTGGTTCCTCAAT 

1200 

TrpIleGluAsnLysThrHisArgAsaTyrAlaProCysHisIle 
TCCATAGAGAATAAGACACACCGCAATTATGCACCGTGCCATATA 

• • • • * 

LysGlnllelleAsnThrTrpHisLy sValGlyArgA snValTyr 
25 AAGCAAAIAATTAACACATGGCATAAGGTACGGAGAAATGTATAT 

. 1300 
LeuProProArgGluGlyGluLeuSerCysAsnSerThrValThr 
1TGCCTCCCAGGGAAGGGGAGCTGTCCTGCAACTCAACAGTAACC 
» • • • • • 

Serl lelleAlaAsnll eAspTrpGlnAsnAscAsnG InThrAsn 
AGCATAATTGCTAACATTGACTGGCAAAACAATAATCAGACAAAC 



IleThrPheSerAlaGluVa lAlaGluLeuTyrArgLeuGluLeu 
ATTACCTTTAGTGCAGAGGTGGCAGAACTATACAGATTGGAGTTG 

1400 . . . 

GlyAepTyrLysLeuVa 1G lull eThrP roll eC lyPheAlaPro 
GCAGATTATAAATTGGTAGAAATAACACCAATTGGCTTCGCACCT 
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ThrLysCluLysArgTyrSerSerAlaHisC lyArgHisThrArg 
ACAAAAGAAAAAAGATACTCCTCTGCTCACGGGAGACATACAAGA 
1500 

GlyValPheValLeuClyPheLeuClyPheLeuAlaThrAlaCly 
CGTGTGTTCCTGCTAGGGTTCTTCGGTTTTCTCGCAA.CAGCACGT 

• • • • 
SerAlaKetClyAlaArgAlaSerLeuTbrValSerAlaClnSer 
TCTGCAATGGGCGCTCGAGCGTCCCTGACCGTGTCCCCTCACTCC 

• • 1600 • ♦ 
ArgThrLeuLeuAlaGlylleValClnGlnG InG InG InLeuLeu 
CGGACTTTACTGGCCGGGATAGTGCAGCAACAGCAACAGCTGTTG 

• • • • 

A* pVa 1 Va lLy sArgGlnG InG luLeuLeuArgLeuThrVa lTrp 
CACGTGGTCAAGAGACAACAAGAACTGTTGCGACTGACCGTCTGG 

. 1700 

GlyThrLysAsnLeuG InA laArg Va IThrA 1 a 1 1 eG luLysTyr 
CGAACGAAAAACCTCCAGGCAAGAGTCACTGCTATAGAGAAGTAC 

• • • • 
LeuGlnAspGlnAlaArgLeuAscSerTrpClyCysAlaPheArg 
CTACAGGAC CAGGCGC GGCTAAATTCAT GGGG A TGTG C GTTTAG A 

1800 

GlnVa ICysHisThrThrVa IProTrpVa lAsnAspSerLeuAla 
CAAGTCTGCCACACTACTGTACCATCGGTTAATGATTCCTTAGCA 

• • • • 

?r oAspTrpAspAsnMe tThrTrpGlnG luTrpG luLy sG InVai 
CC TG A C TG G GA C AATA TG A C GT GG C AG GAATGGG AAA A AC AAGTC 

• ■ • • • • 
ArgTyrLeuGluAlaAsnlleSe rLys S Vr LVu G Iu G InA 1 aG in 
CGCTACCTGGAGGCAAATATCAGTAAAAGXTTAGAACAGGCACAA 

1900 

IleGlnGlnGluLysAsnHe tTy rG luLeuG InLy sLeuAsnSer 
ATTCAGCAAGAGAAAAATATGTATGAACTAC AAAAATTAAATAGC 

• • • • • 

TrpAspIlePheGlyAsnTr pPbeAspLeuThrSerTrpVa lLys 
TCCGATATTTTTGGCAATTGGTTTGACTTAACCTCCTCGGTCAAG 

2000 

TyrlleGlnTyrGlyValLeuIlelleValAlaVallleAlaLeu 
IATATTCAATATGGAGTGCTTATAATAGTAGCAGTAATAGCTTTA 

• • • • • 

ArglleVall leTyrVal ValGlnlle tLeuSerArgLeuArgLys 
ACAATAGTGATATATCTAGTACAAATGTTAAGTAGGCTTAGAAAG 

2100 

GljTyrArgProValPheSerSerProProClyTyr IleGlnCln 
&CCTATAGCCC TGTTTTCTCTTCCCCCCCCCGTTATATCC AACAG 
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IleEis I leK isLysAspArgG lyGlnProAlaAanGluGluThr 
ATCC ATATCC ACAAGGACC GGGGACAGCCAGCCAACGAAGAAACA 

2200 

GluGluAspGlyGlySerAsnGlyGlyAspArgTyrTrpProTrp 
GAAGAAGACGGTGGAAGCAACGGTGGAGAC AGATACTGGCCCTGG 

• • • • * 

ProIleAlaTyrlleKisPheLeuIleArgGlnLeuIleArgLeu 
CCCATAGCATATATACATTTCCTCATCCGCCAGCTGATTCGCCTC 

• • • • 
LeuThrArgLeuTyrSerlleCysArgAspLeuLeuSerArgSer 
TTC ACCAGACTA TAC AG CATC TGCAGGGAC TT ACTA T CCA GG AG C 

2300 • 
PbeLeuThrLeuGlnLeuIleTyrG lnAs nLeuArgAspTrpLeu 
TTCCTGACCCTCCAAC VCATCTACCAGAATCTCAGAGACTGGCTG 

• • ■ • • 
ArgLeuArgThrAlaPheLeuGlnTyrGlyCysGluTrpIleGla 
AGACTTAGAACAGCCTTCTTGCAATATGGGTGCGAGTGGATCCAA 

2400 

GluAlaPheGlnAlaAlaAlaArgAlaThrArgGluThrLeuAla 
GAAGCATTCCAGGCCGCCGCGAGGGCTACAAGAGAGACTCTTGCG 

• • • • 

GlyAlaCysArgGlyLeuTrpArgValLeuGluArglleGlyArg 
GGCGCGTGCAGGGGCTTGTGGAGGGTATTGGAACGAATCGGGAGG 

2500 

GlylleLeuAlaValProArgArglleArgClnGlyAlaGluIle 
GGAATACTCGCGGTTCCAAGAACGAICAGACAGGGAGCAGAAATC 

• • • • 
AlaLeuLeu***GlyThrAlaValSerAlaGlyArgLeuTyrClu 
GCCCTCC7GTGAGGGACGGCAGTATCAGCAGGGAGACTTTATGAA 

2600 

Tyr SerMe tG luGlyProSerSerArgLysG lyGluLysPheVa I 
TACTCC ATGG AAGGACCC AGCAGCAGAAAGGGAGAAAAATTTCTA 

• • . • • 

GlnAlaThrLysTyrGly 
CACGCAACAAAATATGGA 
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As already stated above, the invention natu- 
rally results to all HIV-2 viruses whose RNAs possess 
similar characteristics, particularly GAG and ENV re- 
gions which comprise sequences having nucleotidic se- 
quence homologies of at least 50 \ t preferably 70 % and 
still more advantageously 90 \ with the corresponding 
GAG and ENV sequences of HIV-2 Rod. 

The invention relates more particularly to the cDNA 
fragments which code, respectively, for the p16, p26 and p12 whose 
structures are also included in CAGROON. In particular, it relates 
to the sequences extending : 

- from nucleotide 1 to nucleotide 405 (coding for p16) ; 

from nucleotide 406 to nucleotide 1 155 (coding for p26) ; 

and 

- from nucleotide 1 156 to nucleotide 1 566 (coding for p12). 

It also relates particularly to the cDNA fragment which 
codes for the gp140 included in ENVR and extending from the nu- 
cleotide 1 to the nucleotide 2 574. 

The invention also relates to nucleotide sequences which 
distinguish from the preceding ones by nucleotide substitutions 
taking advantage of the degeneracy of the genetic code, as long as 
the substitutions do not involve a modification of the aminoacid 
sequences encoded by said nucleotide sequences. v 

Likewise the invention concerns proteins or 
glycoproteins whose aminoacid sequences correspond to those 
which are indicated in the preceding pages, as 
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well as equivalent peptides, i. e. peptides which result 
from the preceding pages by addition, substitution or 
dilution of amino^acids which do not affect the overall 
immunological properties of said peptides. 

The invention concerns especially the envelope 
glycoprotein which exhibits the aroinoacid sequence enco- 
ded by ENVRN. A 

The invention also relates to an immunogenic 
composition characterized in that it comprises dosage 
units of envelope antigen, particularly the g P 140 of the 
HIV-2 virus, such as to enable the administration of 
dosage units from 10 to 500, particularly from 50 to 
100 mg/kg of body weight. 

Finally the invention concerns a process for 
producing any of the above indicated proteins ( P 12, P 16 
or P 26) or of the protein having the structure of 
gp140, or of any determined part of said proteins, which 
process comprises inserting the corresponding nucleic 
acid sequence in a vector capable of transforming a 
suitably chosen cellular host and to permit the expres- 
sion of an insert contained in said vector, transforming 
said chosen host by said vector which contains said 
nucleic sequence, culturing the cellular host transfor- 
med by said modified vector, recovering and purifying 
the protein expressed. 

The techniques disclosed in European patent 
application 85 905513.9 filed on October 18, 1985 for 
the production of peptides or proteins consisting of 
expression products of nucleic acid sequences derived of 
the genome of HIV-1 are also applicable to the produc- 
tion of the above said peptides or proteins derived of 
HIV-2. The description of this European application is 
incorporated herein by reference, particularly as con- 
cerns the techniques. 

As an indication, molecular weights (MP) of 
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HIV-2 proteins are given in comparison with those of 
HIV-1 . 



MP of HIV-2 proteins , MP of HIV-I proteins 



kd 



kd 



entire ga^ 58,3 entire 55,8 

10 P 16 15 p 18 14,9 

P 26 27,6 

P 12 15,8 

env 98,6 env 97,4 

external env 57,4 

^ Transmembrane env 41,2 



HIV-2 Mir and HIV-2R0D have also been depo- 
20 sited in the "National Collection of Animal Cell 
Cultures" (ECACC) in Salisbury (Great-Britain) on 
January 9, 1987, under accessing numbers 87 011001 and 
87 011002 respectively. 

Moreover, plasmids pR0D35 and pR0D27.5 have 
25 been deposited at the "National Collection of Industrial 
Bacteria" (NCIB) in Aberdeen (Great-Britain) on 
January 9, 1987 under accessing numbers 12 398 and 
12 399 respectively. 

All the publications which are referred to in 
the present disclosure are incorporated herein by refe- 
rence . 



30 



35 



# 
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